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SCHLUMBERGER RESEARCH... 









At Schlumberger... 
one man in research 
for every ten men 

in the field 


SCHLUMBERGER WELL SURVEYING CORPORATION 
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—brings the industry 


its finest 
oil well pumping 
unit 


The PELTON 
Long Stroke Hydraulic 
Pumping Jack 


™" PELTD 


Subsidiary of Baldwin-Lima-Hamilton Corp. 





This outstanding heavy duty pumping 
unit with stroke lengths up to 30 ft. 
and polished rod loads up to 40,000 
pounds produces more oil per day 
than any pumping means known. 

Getting down to cases, a Pelton 
30 ft. unit is pumping 925 B D with 
a 2-1/4” bore pump set at 8100 ft. 
Previously, this same well, using 
a 108 in. Beam Pumper, produced 
only 400 BD. 

Another case, a 30 ft. unit (on the 
world's deepest rod pumped well) 
is pumping 300 B D with a 1-1, 2” 
pump set at 11,700 ft. 

On shallow wells, too, where po- 
tential is high, production is being 
increased 100% and more, over pre- 
vious pumping equipment. 


engineering 


Here’s another point—long slow 
strokes with soft reversals reduce 
peak stresses in the rod string result- 
ing in 80 to 90% decrease in rod 
partings. With less wear on the bot- 
tom hole pump, well servicing is 
commonly reduced 70%. 


And what is the cost of Pelton 
equipment? You will be surprised 
to learn that the Pelton 10 ft. model 
“D"’ Jack, for example, costs con- 
siderably less than a comparable 
Beam Unit. Pelton Jacks are avail- 
able in 10, 20 and 30 ff. stroke 
lengths. 


For outstanding improvement in oil 
well production, LOOK TO PELTON 
— ENGINEERS IN HYDRAULICS FOR 
OVER 70 YEARS. 


WATER WHEEL COMPANY 


OIL INDUSTRY MACHINERY DIVISION 


2447 EAST 54th STREET, LOS ANGELES 58, CALIFORNIA 


LOS ANGELES * SAN FRANCISCO « AVENAL * DALLAS « HOUSTON « ODESSA » NEW YORK CITY + PHILADELPHIA 





PERSONAL SERVICE 


one of many reasons why 
HALLIBURTON’S best 
..-for your DRILL STEM TEST! 


Your TESTER stays on the rig from start to finish when Halliburton tests 
your well. This highly important operation requires close, full-time, personal 
attention, and no one is more aware of it than your Halliburton Tester 
He comes fully prepared and equipped to give you a safe, successful, 
accurate test. He'll do it at a big saving of rigtime for you. The Halliburton 
Tester is handpicked from a field of high-caliber men for his extraordinary 
responsibility, efficiency, and capability. Then he is carefully and thoroughly 
trained on every type of well until he has earned the coveted title of Testing 
Specialist. This exhaustive training enables him to handle your test no 
matter how deep the well, how high the pressures or temperatures. 
This equipment is the most advanced and specialized in the industry 
It was developed by 25 years’ grass roots research and improved by service 
on more than a million wells. The Tester understands 
every function of these tools. He is particularly proud of 
the many features that Halliburton alone offers — such as 
the Bourdon Tube Pressure Recording Device, the curved 
J slots, and automatic locks 
Halliburton has over a hundred Testing Specialists 
who give real personal service. One of them is only min- 
utes away from you and ready to go as soon as you call. 
Phone him and he'll have his string made up before you 
come out of the hole. Halliburton Oil Well Cementing 
Company, Duncan, Oklahoma 


MORE REASONS WHY HALLIBURTON’'S best: 
25 YEARS RESEARCH * MOST ADVANCED TOOLS : GREATER ACCURACY IN 
BACKS UP YOUR TEST =; AND TECHNOLOGY > PRESSURE RECORDING 


Halliburton alone offers c . Halliburton y spe e The Bourdon Tube Pressure 
testing service developed = alized tools and exclusive 4 Recording Device, exclusive 
and improved by 25 yeors yo features, its superior know with Halliburton, gives you 
of energetic, gross roo . edge and experience, help . far greater accuracy at no 


research - make misruns a rarity 2 extra cost 


 HALLIBURTON 


IN 3 a ee ae? 
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THE CASE OF THE 
EXPECTANT 
PRODUCER 


Expecting his newly discovered reservoir to add up 
— barrel for barrel, dollar for dollar? Perhaps. But 
it’s a long pull from bottom of the hole to the bank. 


There’s a lot more to learn about a reservoir, other 
than the fact that it is commercially productive. 


The first step is to ask Core Lab to sample yourx S* 
key wells — before pressure decline can alter basic 
productive characteristics — and to perform a com- 
prehensive analysis of the reservoir fluid. From these 
data, coupled with other knowledge of the formation, 
you can then learn how much of your proven reserves 
is actually producible; and how you can control that 
particular reservoir’s natural productive tendencies 
with mechanical practices to effect maximum recovery. 


If it’s worth producing, it’s worth producing right. 
And you'll be right when you call the Core Lab man 
nearest you about Reservoir Fluid Analysis Service. 


CORE LABORATORIES, INC. ®@ |N ALL ACTIVE AREAS 


Dallas, Houston, Corpus Christi, Midland, Abilene, San Antonio, Tyler, Wichita 
Falls and Lubbock, Texas; Oklahoma City, Oklahoma; Great Bend, Kansas; 
Shreveport, Lafayette and New Orleans, ta.; Natchez, Miss.; Bakersfield, Calif.; 
Denver and Sterling, Colorado; Worland, Wyoming; El Dorado, Ark.; Farmington 
and Lovington, New Mexico; Calgary and Edmonton, Canada; Venervela, S. A. 
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Professional Services 


Thie espace available only to AIME members. Rates upon request. 





AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oi! & Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic investigations 
406 KFH BLOG., WICHITA 2, KANS 


FITTING & JONES 


Engineering and Geological Consultants 


Petroleum Natural Gas 


Box 1637 


223 S. Big Spring St Midland, Texas 





ERNEST K. PARKS 
CONSULTING PETROLEUM ENGINEER 


Planning, Direction and Examination of 
Oilfield Operations, Estimates of Oil and 
Gas Reserves, Oil Property Valuation 
614 S. HOPE STREET, LOS ANGELES 17, CALIF 
Telephone: VanDyke 4659 














BERGER AND PISHNY 
Consulting Geologists and Engineers 
901 Commercial Standard Bldg 
Fort Worth 2, Texas 


Walter R. Berger Chas. lH. Pishny 


MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 


Shell Building 


Houston 2, Texas Phone PR-6376 


HARRY H. POWER 
PETROLEUM AND VALUATION ENGINEER 
Box 1542 University Station 


Austin, Texas 




















JOHN G. CAMPBELL, CHEMIST 
Licensed for 
Fivorometric Analysis of Well Cuttings 
Podbielnick & Charcoal Analyses 
Waters - Oi! Field Brines - Cores 
CORPUS CHRISTI, TEXAS PHONE 4-5612 








CHEMICAL & GEOLOGICAL 
LABORATORIES 


Consultants Investigations Evaluations 
James G. Crawford 
H. E. Summerford 
F. Raymond Wheeler. Petroleum Engineer 


P. O. BOX 279 CASPER, WYOMING 


Chemical Engineer 
Petroleum Geologist 








CRUTCHFIELD AND PRUETT 
CONSULTING PETROLEUM ENGINEERS 


Wilson Tower 


RICHARD V. HUGHES 
Secondary Recovery of Oil 
Mining Building Stanford University 
Stanford, California 


WALTER ROSE 


University Station 
AUSTIN, TEXAS 


Box 1581 














PETROLEUM CONSULTANTS 
Engineering ond Geology 
E. O. Bennett 
D. G. Hawthorn 
M. D. Hodges 
1552 Esperson Bidg. 


James ©. Lewis 
William Hurst 


Houston, Texas 


E. E. REHN 


Consulting Petroleum Geologist 
Oil Exploration 


Woods Building, 624 Locust Street 
EVANSVILLE, INDIANA 














KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Property Appraisals 
Petroleum and Geological! Engineering 
Reservoir Analysis 
MIDLAND, TEXAS 
P. O. Box 1787 Phone 4-618! 
W. O. Keller L. F. Peterson 


SOL SMITH 


CONSULTING ENGINEER 
PETROLEUM AND NATURAL GAS 
Reserves Deliverability 
Oil and Gas Proration 
913 BROWN BUILDING 
AUSTIN, TEXAS PHONE: 89498 

















CORPUS CHRISTI, TEXAS 
John W. Crutchfield 


Horton T. Pruett | 








DENTON-SPENCER 
COMPANY, LTD. 


CONSULTING PETROLEUM ENGINEERS 


Barron Building Calgary, Alberta 








EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
311-319 East Fourth Street 
TULSA 3, OKLAHOMA 
Office 2.5129 Laboratory 2-6139 








JAMES A. LEWIS ENGINEERING, INC 
Petroleum Reservoir Analysts 
Core Analysis, Relative Permeability 
Restored State, Resistivity, Flood Tests 
Comprehensive Reservoir Studies 
Pressure Maintenance, Secondary Recovery 
6923 Snider Plaza P.O. Box 237 
Dallas 5, Texas Evansville 8, Ind 


WM. H. SPICE, JR. 


Consulting Geologist 
2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 














W. T. MENDELL 
Engineering & Geological Consultant 
Second Notional Houston, Texas 
Bank Building CApital 7612 


R. W. TESCH 

PETROLEUM CONSULTANT 
Valuation Develop " M 

Electric Bldg 





Fort Worth, Tex 














CLEVELAND O. MOSS 
CONSULTING PETROLEUM ENGINEER 
Estimates of Ol! and Gas Reserves 
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208 MIDCO BLDG TULSA 3, OKLA 
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Geological, Petroleum Engineering and 
Management Consultants 
E. Trafford i} ida. Phones 
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OILFIELD SERVICE COMPANY 
Electric Logs — Gamma Ray — Caliper 
Water Input Profiles 
Specializing in Secondary Recovery 
CHANUTE, KANSAS 


HAROLD VANCE 


CONSULTING PETROLEUM ENGINEER 


Pet. Engr. Dept A & M College 
College Station, Texas 
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TWO-PIECE 
GEAR HOUSING 


Provides easy accessibility 
for assembly and inspection 


@ Allows main gear to be assembled on 
shaft with heavy 60 ton pressed fit. All 
rotating parts easily set in place before 
cover is bolted on. No “threading” of shafts 
and bearings as necessitated by solid gear 
box with no split. 


@ Made of High Tensile Lufkaloy-lron 
heavily ribbed inside, giving smooth ex- 
terior, pleasing in appearance and easy to 
keep clean. 


@ Large Heat Treated Alloy Steel Studs 
capable of carrying ten times rated load 
without stretching. 


@ Large Clean Out Hole for removing 
sludge from bottom of box. 


LUFKIN, TEXAS 
Branch sales and service Houston, Dallas, New York, Tulsa, Los Angeles, Seminole, Oklahoma City 
Corpus Christi, Odessa, Kilgore, Wichita Falls, Casper, Wyoming; Great Bend, Kansas 
Lufkin Equipment in CANADA is handled by 


THE LUFKIN MACHINE CO., LTD., 14321 108th Avenue, Edmonton, Alberta, Canada. 
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you save 


THE BEST PROOF of these savings is the increased 
number of wire line setting jobs by oil operators 


everywhere. For example, out of the total number 





of Baker Casing Bridge Plugs set during the year 


1951, 71° were run on wire lines. 


AND REMEMBER that all these SAVINGS IN- 
CREASE as WELL DEPTHS INCREASE! Out of 
all the Baker Packers set on wire lines during a 
recent six-month period, over 22% were set at 
more than 10,000 feet. The saving in round trip 
time over using tubing or drill pipe is an important 
item; and even more important is the elimination 
of wear and tear on tubing when a wire line is em- 


ployed for setting. 


Consider, too how wire line setting helps you to 


avert premature setting of either device, caused by 


junk or other debris in the hole. And don’t overlook 


the fact that in many instances both the gun- 


you have BATCH R packers 


and bridge plugs set on a wire line 


by your choice of these service organizations... 


BJ SERVICE, INC. » DOWELL INCORPORATED « LANE- 
WELLS COMPANY + McCULLOUGH TOOL COMPANY «+ 
PERFORATING GUNS ATLAS CORP. + SCHLUMBERGER 
WELL SURVEYING CORP. » WELEX JET SERVICES, INC. 
WELL PERFORATORS, INC. + THE WESTERN COMPANY 





perforating operation and the wire line 
setting of a Baker Bridge Plug, or a Baker 


Production Packer can be performed 


from a single set-up by the wire line 
service organization you select, with 


definite savings in time and money. 


Consider also, the advantages of accurate 


correlated measurements: 


(a) wire line measurement while logging 


the well; 


(b) wire line measurement for gun perfo- 


rating; followed by 


(c) wire line measurement for setting 
Baker Bridge Plugs or Baker Retainer 


Production Packers. 


Ask Any Baker Representative 
—wire, phone or write to any Baker 
Office for facts and specific 
recommendations. 


WHY NOT FIND OUT how you can save 
wear and tear on tubing (or drill pipe) 
with wire line setting? —Find out also how 
a Baker Production Packer set on a wire 
line for dual-zone production, saves al- 
most one-half the cost of drilling two 
single-zone wells to the same two zones! — 
Why not get the facts as to how a Baker 
Bridge Plug provides a positive, leak- 
proof shut-off against any pressures—how 
it can be set ona wire line ina few 


hours, and drilled out more readily 


_ than any other bridge plug? 


BAKER OIL TOOLS, INC. 





HOUSTON e LOS ANGELES e NEW YORK 
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...and in all active fields throughout the United States 














LOOK TO 


better guide 
to more oil? 


Dowell Electric Pilot 


FOR SERVICE EXTRAS 


trained in the use of this modern electronic 
equipment . experienced in helping correlate 
Electric Pilot data into successful well programs. 


Housed in the Dowell Electric Pilot control 
truck are modern scientific devices designed to 
help the oil production engineer. From the 
Electric Pilot comes a variety of services—to aid 


; - - he: The Dowell Electric Pilot was developed to 
in obtaining subsurface data on well conditions, 


help you. Results from thousands of jobs in 


and to help in planning and expediting more 


many fields have proved its worth. There’s a 


successful completion and workover programs. 


And on each Pilot job is a Dowell Engineer . . . 


Dowell office 


near 
Pilot Service at 


you to provide Electric 


vour convenience. 


How can the Electric Pilot help you? 


SELECTIVE ACIDIZING— Pilot is used 

to direct acid into selected zones 

to get best treatment results. As 

many as three separate zones can 

be acidized selectively in 

operation. Also used to protect 
casing seat during acidizing. 

~ PERMEABILITY SURVEYS—Pilot is 

‘\ used to show location of permeable 

zones and their capacity to take 

fluid in relation to other zones, 

| especially as a guide to selective 


\ | acidizing. Also used to locate leaks 
\ - 
\V 


one 


SPINNER SURVEYS— Plot is used to 
measure relative capacity or pro- 
duction of zones exposed in pro- 
ducing or input wells—as a guide 
in selective acidizing, for example. 
Also used to locate zones of lost 
circulation, casing leaks and circu- 
lated shoes. 

WATER LOCATION— Pilot is used to 
locate points of water intrusion 
into wells, a prerequisite to suc- 
cessful completion and workover 
programs. The latest water loca- 
tion method uses photoelectric cell. 


PERFO-JET— Pilot is used to control 
casing perforating and open hole 
shooting with Perfo-Jet’s shaped 
charges. Dowell Perfo-Jet guns 
are available in a wide variety of 
sizes and types including the 
famous Glass Gun. 

CALIPER SURVEYS— Pilot is used to 
give information on well bore 
diameters and irregularities. Cali- 
per automatically records diameters 
as large as three feet and shows 
variations as small as pipe collars 
—a fractional part of an inch! 


DOWELL SERVICE BE 


cement plugs and holes in casing. 
Acidizing + Electric Pilot 


exchange equipment Paraffin Solvents Bulk Inhibited Acid 
DOWELL INCORPORATED e¢ TULSA 1, OKLAHOMA 
A Subsidiary of The Dow Chemical Company 
“First in Oilfield Acidiz ing ... Since 193 


Plastic 
Jelflake 


Perfo-Jet Chemical Cleaning for heat 


FOR OIL INDUSTRY CHEMICAL SERVICE 





Production and Development in the United States 
During 1951 


Oil-Hungry Consumers, Demanding the Greatest Quantities 
of Petroleum Products in the History of the Industry During 
1951, Are Expected to Increase That Demand and Push 
Production Rates Even Higher During the Current Year 


RODUCTION of crude oil in the United States dur 
1951 reached levels previously thought unobtainable except 
for short periods. Consumption of petroleum and its product 


surpassed even the most optimistic forecasts made in the 


recent past. An analysis of industry statistics indicates t 


demand for petroleum during 1952 will push domestic p: 
duction to even higher rates. estimated by various forecasts 
at as much as five to ten per cent above 1951 levels 


Although imports into the United States of erude oil 
products during 1951 were approximately the same as dur 
1950, it is probable that the Iranian situation prevente 
half of the 
showed a 


creases in imports during the last vear. | 


exports, primarily of products. material inere 
over 1950 but still did not attain the volume exported durii 
and immediately after the close of the war. Exports of crude 
oil and products are expected to decrease in 1952 because 
better production and distributis 


adjustments in foreign 


and increases in foreign refining capacity, as well as because 


of increases in domestic demand. 


13 Per Cent Increase in Crude 


Although 
plete 
195] 
production by 


figures for many of the states are not vet ¢ 
production of crude oil in the United States dur 
exceeding 19 
rdditic 
an estimated 24] million bbl of natural gas liquids were p: 
duced as compared with 182 million bbl produced in 1950 
The total production of liquid hydrocarbons in the United 
States in 1951, therefore, was 2.469,000.000 bbl. or an average 


daily production of 6.764.000 bbl. 


Was approximately bbl. 


97 million 


2 bbl. or 13 per cent. In 


The record of production from natural gas is much more 
phenomenal than that of crude oil primarily due to operatior 
of more major trunk pipe lines of which several recently have 
been completed or enlarged. Preliminary figures indicate that 
more than 8 trillion cu ft of natural gas were produced 
the United States. of which approximately 50 per cent wa 
transported to industrial and domestic centers. This represent 
an increase in consumption over 1950 of about 18 per cent 
As would be expected, the major gas-exporting states of Texas 
Louisiana, New Mexico, Oklahoma, and Kansas accounted for 
85 per cent of the total gas produced, with Texas and Louis 
ana alone making up 73 per cent of the total. 


A direct result of the increase in sales of natural gas was 
an increase in the number of new plants and in the capacit 
of previous plants constructed to treat the gas before market 
ing, and the resulting increase noted in the natural gas liquids 
recovered in these plants. Sales of liquefied petroleum gas 
during 1951 also set an all-time high. Domestic demand for 
these products is estimated to have reached 113 million bb! 
as compared with approximately 93 million bbl during 1950 
an increase of 23 per cent. 
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Production in Texas accounted for the greatest increase in 
crude oil production from a single state, 
two-thirds of the United States, or 
163 million bbl. California gain of 27 millien bbl. 
Louisiana with 26 million bbl. and Oklahoma with 21 million 
bbl provided most of the 
and 1950 production. Half of the states in which petroleum is 


amounting to approx- 
imately increase in the 


with a 
remaining difference between 195] 


produced established record highs of production. During 195] 
North Dakota be« 


d promises to ome one of the 


ime the newest producing state in the nation 


more active areas for 


exploration d development during 1952. 


ill liquid hydrocarbons produced in 

the Gulf Coastal 
he inclusion of production from the other 
New Mexico. Arkansas, Oklahoma, and 
Kansas this f - raised to 73 per cent of total production 


n the United States 


states of Texas and 


suthihwesterr s of 


California, with about one-sixth of the nation’s current pro- 


is an independent unit, geographically and economi 


cally. It exports minor amounts of oil and imports no domestic 
iil. though it imports substantial quantities of natural gas and 
Establishment of a record crude 
$54.700.000 bbl is 
Hills Field 
practl ally 

lucing 
5.000 B/D during the last war. Under 


preparing to more 


reduction of noteworthy when it is con- 
(which is a Naval Petroleum 


This field probably is 


<ome 90.000 B/D and was actually pro 


lered tl Elk 
shut-in 
capable of proc 
iucing 6 present oper 
iting practice the field produces only to test the potentialities 
of new completions or conditions in the older pumping wells. 
The daily average production from Elk Hills during 1951 was 
ipproximately 6.700 BD. With a somewhat abnormal demand 
is a result of defense activities in Pacific areas, stocks reached 
i minimum economic level under prevailing demand. Although 
defense unpredictable, it is possible that 
be limited by the level 


requirements are 
should this demand continue it may 
of current new supplies in California or by shifting a portion 
requireme nts to other 


of military areas. 


More Completions, Fewer Dry Holes 


The record for production, established in the United States 


in 195]. is a direct function of the number of wells drilled. 





Production and development figures contained 
in this report were gathered by members of the 
AIME Production Review Committee. The data pre- 
sented here were given at the Annual Meeting of 
the AIME in New York City last month by R. B. 
Gilmore, vice-chairman for Domestic of that Com- 
mittee. 
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45,000. This figure includes 
some 1,400 wells normally classified as service wells. On Jan. 


which reached a total of almost 


1, 1952, there were nearly 450,000 producing oil wells in the 
United States. In the 13 states in which new production records 
were established were located 65 per cent of the total com- 
pletions and 70 per cent of the oil wells completed during 
the year. 
Although the 
slightly fewer than during 1950, the 3,100 gas wells completed 


more than 23,000 oil wells completed are 


are the most since 
creased value of natural gas. The most serious consideration 
in these well statistics is that the 16,800 dry holes drilled are 
twice as many as completed in 1946 and the ratio of success- 
ful oii 
2.4 to 1.6 during this five-year period. This ratio is directly 
affected by drilled 
represent almost 25 per cent of the total completions. During 


1951, 23 per cent more exploratory wells 


and gas completions to dry holes has decreased from 


the number of exploratory wells which 
were drilled than 
in 1950, during which year less than 20 per cent of comple 
tions were expioratory wells. It is natural that this comparison 
should be true. The intensified search for petroleum re-erves 
and the increased drilling density in areas already known to 
be favorable for prodtiction result in a greater percentage of 
ary holes. 

If exploratory wells are limited to those drilled on a struc 
ture or in a geological environment never beforé productive, 

classification adopted by Dr. Lahee in the AAPG, the record 
scientific approaches to dis- 


for recent vears, with the most 


available. indicates only one successful well for 


drilled. 


covery ever 
The persistence of this ratio is evident 
with than 10.000 wildeats drilled, 
the of almost 1.000 oil fields or 


producing areas and more than 200 gas fields. New producing 


every nine 
1951 


resulted in 


during more which 


discovery new 
horizons and extensions to previous producing areas resulted 
from the successful completion of some 600 oil wells and 100 


tas wells. 


Figures published by the Oil and Gas Journal, in their 
indicate that 


innual review and forecast issue, discovery of 
new fields, new producing reservoirs, and extensions to areas 
previously producing, together with revisions in estimates pre 
made, resulted in an increase in crude oil reserves of 
more than one billion bbl after deducting production during 
1951 of the re- 


serves in the United States, is the only major producing state 


viously 


California, with approximately 15 per cent 


which showed a net decrease in reserves at the end of the 


year. Natural gas and natural gas liquids reserves also showed 


corresponding increases as a result of 1951 developments. 


Williston Basin Discovery 


Activities in 1951 gave added significance to new areas pre 
viously classified as future oil provinces of the United States. 
and tended to reverse the trend of the past few years toward 
discovery of smaller fields which, in total, did not add appre 
ciably to reserves. Perhaps the most important single develop 
ment was the discovery of oil in the Williston Basin in North 
Dakota early in 195] 
Devonian 


The discovery well, originally completed 
in sediments of Age, was later recompleted in the 
Madison lime of Mississippian Age and it is possible that 
additional reservoirs may be proved productive on the same 
structure in which this well is located. This major basin area 
is centered in western North Dakota and extends into South 
Dakota, the Montana. 
Canada. At this time, it appears that sediments of Ordovician, 
Devonian, and Mississippian Ages 


with possibilities of production also 


eastern part of and northward into 
are of primary importance, 
in reservoirs of Silurian 


Jurassic, and Cretaceous Ages 


2 .. « SECON | 


1947 and indicate to some extent the in* 
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It seems probable that accumulation of oil and gas will 
occur both on anticlinal structures and in stratigraphic traps. 
Most likely type traps are unconformities and 
wedgeouts on the eastern side of the basin. Reef conditions, 
similar to those which now are providing the bulk of produc- 
tion in Canada, are present not only on the eastern side of 
the but in other Continued successful 
exploration in North Dakota, and greatly increased activity 


stratigraphic 


basin parts as well. 
in this area, indicate the possibility that this area may become 
one of the major producing areas in the United States. 
Activity in the Basin Area of 
Nebraska and eastern Colorado increased materially during 
1951. In Cheyenne County 
first discov: 1949. seven new oil fields and one new 
field 1951. Three oil fields were dis- 
covered in adjoining counties in Nebraska but, to date, pro- 


Denver-Julesburg western 


Nebraska, where production was 
red in gas 
were discovered during 
duction from ail of these fields is restricted because of limited 
facilities 


that most of the individual fields will be comparatively small 


pipe line Exploration in this area seems to indicate 
Present production of both oil and gas is 

Dakota Group of Cretaceous Age, 
3.400 to 7.400 ft. A few deeper wells 
have been drilled without finding production from zones below 
these 

Colorado had 
which occurred in this same basin area. Twelve new 
fields 
n the same sedimentary group from which 
western Nebraska. Development in 
indicates that these fields probably will be 


in areal extent 
sandstones of the 


depth from 


from 


varving in 


a record number of new discoveries in 1951. 


most o 
ind two gas 


oil fields 
portion of the 


were discovered in the eastern 
state 
production is obtained in 
tl eve 


small in 


ireas also 


area 


1,000 Rigs in Texas 
The W est 


proved reserves in the 


which contains the largest amount of 
United States, continued to maintain a 
of exploration and discovery of new fields and 
More than 1.000 rigs are being operated in 
this area, representing a third of all drilling activity in the 
New res Of these. 
the reserves contributed by developments in the much dis- 


Texas irea 
record pace 
new reservoirs 


nation erves were discovered almost dailv 
cussed Spraberry trend have proved to be the most spectacu- 
lar. The Spraberry is a silty sand, or a sandy silt, 
of Permian Age, which was deposited over most of the Midland 


Estimates of the 


reservoir 
Basin possible productive area range from 
one-half to more than two million acres. 

Estimates of ultimate vary considerably but con- 
tinued development of this reservoir indicates that the Spra- 
berry trend will prove to be one of the major oil fields of the 
United States. During 1951, Spraberry wells produced approxi- 
mately 11 billion bbl of the total of 12 million bbl which have 


There are many production problems 


recovery 


heen recovered to date 
isually must be subjected to artificial stimu 
before thev will produce satisfactorily. Some 250 rigs 
currently are drilling in the Spraberry trend on proved, semi 
proved, and wildcat locations, and although 17 separate fields, 
areas, have been named, it is probable that many. 


since these wells 


lation 


or producing 
of these 
development 

centering of interest on the Spraberry trend. 
there significant developments in West Texas and 
the eastern part of New Mexico during 1951. Activity in New 
Mexico. along the trend of the Central Basin Platform in the 
eastern Lea the part of 
resulted in major discoveries in reservoirs 
from Lower Permian Age. 


Active exploration continued along the eastern shelf of the 


if not all ireas will be combined with further explor 


ition and 
In spite of the 


were other 


part o County and in southern 
Roosevelt County 
down to and including Ordovician 


Continued on Page 7, Section 2 
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$ Know Productive Possibilities for SURE »-. 
ond the bestway to keep your string of casing from being 
“swallowed” is to call for Johnston when it's time to test. 


Proved in thousands of wells, shallow or deep, the Johnsion 
Open Hole Tester will unfcilingly tell the productive possibilities of 
your well before you set casing. 

This Tester Helps you put that scarce and costly casing in the 


RIGHT hole. Experiencec! Johnston representatives are ready te 
serve you 24 hours a day in al) active areas. 


YL OSM. i 
5702 NAVIGATION BLVD. 
SERVICE BRANCHES IN ALL ACTIVE AREAS 


There's a Johnston Service Representative Near You 
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How complicated can mud get ? 





CLAY, WATER AND WEIGHT MATERIAL-that was your drilling mud 
not many years ago. But with today’s drilling problems, drilling fluids 
now are a full-time study. High-pH muds, red muds, lime-starch muds, 
salt-water muds, oil-emulsion mud, organic-colloid muds—all find a 
place in meeting today’s varied drilling problems. 

BUT YOU NEEDN'T wWorRRY-drilling muds are the full-time business 
of your thoroughly trained and experienced Baroid service man. His 
knowledge is yours whenever you want it. He can help you plan a 
complete drilling fluid program even before you spud in—your best bet 
for economical, trouble-free operations. He can advise on specific prob- 
lems as they arise. His knowledge of drilling conditions and drilling 
muds has helped many operators save time, trouble and hard-earned 
dollars. Call your Baroid man—and lighten your load! 
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Technical Yate 140—— 


A NOTE ON THE X-RAY ABSORPTION METHOD OF DETERMINING FLUID 


SATURATION IN CORES 


T. M. GEFFEN AND R. E. GLADFELTER, STANOLIND OIL AND GAS CO., TULSA, OKLA., JUNIOR MEMBERS AIME 


Lipson’ has recently presented a tech- tive X-ray intensity at any saturation ind drainage saturation flow histories. 
nical note wherein theoretical consider- are not the same in each test Thus any deviation from a straight line 
relationship of the log of the relative 
\-ray intensity vs saturation calibration 


ations were used to demonstrate “.. . In the second tvpe of test the same 
that the adsorption vs saturation rela- core was used, but this time its pore 
tion for a linear absorption method is space contained only gas. and various should be readily apparent. 
not necessarily a single valued function thicknesses of oil contained in plastic Results of the laboratory tests are 
of saturation.” It was concluded that cells were placed in front of the dry given in Fig. 1. A schematic diagram 
the absorption vs saturation relationship core. As before. the relative X-ray ab showing the position of the fluids with 
is subject to the same hysteretic effect sorption was measured and compared to respect to the path of the X-ray beam is 
as is the flow behavior between the the quantity of oil in front of the core. given for the two cases investigated. In 
drainage and imbibition systems. It is The arrangement of the fluids with the case where the oil existed outside the 
the purpose of this note to show. by respect to the path of X-rays in these core (Case B). the log of the X-ray in- 
experimental results, that for the man- two types of tests represent fluid dis tensity (log, ///,) is related directly to 
ner in which fluids are distributed in tributions of a wider difference than the cell thickness (amount of oil in 
porous materials during fluid flow. the can be expected between that estab X-ray beam path). This correlation is 
relative X-ray absorption vs saturation lished in a core just due to imbibition Continued on Page 3, Section 2 
relationship is single-valued regardless 
of the saturation history. 

The design of the apparatus used to 
CASE 8 


measure relative X-ray absorption of 
LIQUID OUTSIDE OF CORE 
A 


cores undergoing fluid flow tests is 
similar to that described by Morgan, 
McDowell and Doty? A few modifica- 
tions have been incorporated in the de- 





sign to increase sensitivity and = sim- 


lo » 


plicity of measurement. The sensitivity 
is such that for usual types of cores a 


2 
8 


recording pen movement of approxi- 
mately 12 linear in. is occasioned be- 


TRANSMISSION (1 ) 


tween the recording of the core dry 


i 


and when it is completely full of an 
absorbing liquid. a solution of approx- 
imately five per cent by volume of iodo- 
benzene in a_ close-cut hydrocarbon 


§ 


RELATIVE X-RAY 
> 
nN 
2 


fraction, or a solution of 50.000 ppm 


oa, 


e 
> on 


sodium iodide in water 
Iwo types of experiments were con- 1 = SODIUM JODIDE SOLUTION 
ducted, one in which the liquid was C-COEEEE @ C, 


inside the core. and the other with the 


§ 


liquid outside the core. Tests with the s ~ : ail a ; ; . . ~ 
qu itside e core. lests with the LIQUID SATURATION , Percent (S, LIQUID SATURATION, Percent (S CELL THICKNESS, inches («) 


fr) 


liquid inside the core were run to 
cover the saturation range encountered 
in both the drainage (gas drive) and 
imbibition (liquid flood) flow systems. 
It is pointed out that the same core was 
used. but the tests were conducted at 
different times with the recording mech- 
anism balanced at a different position. ee ee ee ae ee ee ae 
Therefore. the absolute values of rela- 


Manuscript received in the Petroleum Branct 


office Jan. 18, 1952 G. 1 EFFECTS OF FLUID DISTRIBUTION ON X-RAY ABSORPTION 
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WHAT IS RADOIL? RADOIL is more suited to detailing than to recon- 
; naissance work and, therefore, it is best employed 
RADOIL is a geophysical tec hnique for the direct in areas where a prospect has already been local 
location of oil. It was developed by William M. ized by other methods. RADOIL is competitive 
Barret, Inc., working in collaboration with its re- with the drill, not with conventional geophysical 
search and manufacturing affiliate, the Engineer- and geok gical tec hnique s 

ing Research Corpo ration. As its name implies 

RADOIL employs electromagneti« energy in the IS RADOIL A PROVEN METHOD? 

form of radio waves to penetrate the earth, and 
thereby locate and define oil bearing strata 


HOW DOES RADOIL OPERATE? 


A ‘surface wave. of radio energy is directed cal et ae {5 ire€ n det cermining structural condi 





The cumulative i sults of more than 300 commer 
cial surveys, conducted during the past 15 years 
show that R. AD - s more reliable in determin 
ing the presence « uF wages geophysi- 





along the air-earth boundary from an “energizer tions favorable for the accumulation of oil. 





toward a receiver As the surf ac e wave progresses 


individual “rays peel off by refraction and enter WHAT DOES A RADOIL SURVEY COST? 
the earth along a multitude of parallel ray paths Service charges for RADOII compare favorably 


As the rays strike a refle cting formation they are ith the « ae f other geophysical surveys but it 
partially reflected back to the earth's surface, and po » remembered that the chief effectiveness 
refracted out again toward the receiver. Due to of R AL x Ol begins where other methods leave off: 
the electrical contrast that exists at the boundary ra s the wide yap between a sieetieial 
of an oil field, the character of the reflected rays —— . il fleld 

| ind a 
disc loses the presence ot oil 








C - = ON WHAT BASIS IS RADOIL 
HOW DOES RADOIL COMPARE WITH \\VAILABLF? 
OTHER EXPLORATORY TECHNIQUES? 1 RADOIL field crews may be secured 


There is no close parallel While other geophysical Or contract basis, as schedules permit; or on a 
methods seek to define a ‘‘stru tural prospect non-exclusive license basis to re sponsible parties 
RADOIL has as its objective the direct location n adap n of the method, known as RADORE 
of a worthwhile oil field. This does not mean that has also been devel pe d for use in lo aling ore 
RADOIL is designed to replace other methods deposits. RADORE is available to the mining im 
On the contrary, in its present development dustry on th ises described above for RAD( HI 





. M. BARRET., INC. 





GIDDENS-LANE BUILDING 


*Trade Mark and Service Mark Registered U S. Potent Office 





The Location of Oil Prospects 


By Use of the Drill 


Current methods of locating drillable 
oil prospects have encountered an ever 
decreasing likelihood of success and 
unless there is either an increase in the 
resolving power of existing exploration 
techniques or the development of new 
methods, the oil industry must entertain 
widespread use of the drill in order to 
locate petroleum accumulations. Such a 
probability accentuates the general 
problem of reducing drilling costs. With 
this challenging note. William F. Bates. 
general drilling superintendent of the 
Pacific Coast area for the Shell Oil Co.. 
opened an address to 45 members and 
guests of the San Joaquin Valley Sec- 
tion meeting last month. 


When the means of reducing drilling 
costs are analyzed, three closely related 
major divisions emerge, namely, (1) 
equipment, (2) techniques, and (3) 
rate of penetration. 


As a first approach to the reduction 
of drilling consideration was 
given to lighter, more portable equip- 
ment which would exhibit the reliability 
of heavier rigs. This led to the selection 
of 31-in. external upset, 9.3# “J” grade 
drill tubing with Acme type threads 
and tubing collars for use with a port- 
able rig (150 horsepower, 90-ft derrick) 
which weighed only 70,000 Ib. By Jan- 
uary, 1948, eleven 6°4-in. holes rang- 
ing in depth from 1,800 to 5,600 ft were 
drilled with this equipment. An analysis 
of costs of the early holes indicated that 
savings of about $5 per foot resulted 
from use of the light-weight drill tubing 
and equipment. Two larger portable 
rigs were purchased subsequently and 
are currently being used for drilling 
larger and deeper (8.800 ft) holes with 
4'5-in., 9.8 tubes. 


costs, 


The benefit realized from use of this 





New officers of the San Joaquin 
Valley Section are as follows: 

Max C. Eastman. Chairman 

R. P. Mangold. Program Chairman 

Harry Campbell, Secretary 

C. A. Davis, Treasurer 

c. A. 


chairman. 


Armbruster, Membership 
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Reported by W. M. Marshall 


San Joaquin Valley Section 


equipment emphasizes the possibilities 
of reducing drilling costs by sound en 
gineering advancements. 

Further advancements with regard to 
equipment might be realized by decreas 
ing the size and weight of mud pumps. 
Perhaps this could be effected by super 
charging smaller engines or using com 
pact gas turbine engines should they 
prove adaptable 

The technique of drilling and coring 
has undergone but little change since its 
introduction to the industry. Further 
the techniques of obtaining necessary 
subsurface information are costly, and 
vet have shortcomings in some cases 
The electric log yields satisfactory data 
in some areas, but in others it is nec 
essary to resort to expensive coring and 
testing. Before a substantial reduction 
in costs of sampling and testing can be 
realized, new tools must be conceived 
and perfected. In this regard, a tool is 
being considered for scraping the well 
bore at selected intervals and bringing 
samples to surface by wire line. A side- 
wall sampling device that traps forma- 
tion fluid has been patented. Other 
techniques which may be instrumental 
in reducing drilling costs are a cross 
over circulating sub (used extensively 
in the Mid-Continent) to reverse the 
normal direction of circulation, and 


thus allow recovery of larger samples 
of the formation from the mud stream. 
Diamond drilling and coring, combined 
with all the advance techniques for con- 
ventional well drilling, holds good 
promise for reduced costs. 


Contrary to the general concensus, 
the penetration rate in some areas is 
but little faster than it was several years 
ago. Results of tests indicate that in- 
creased bit weight increases the pene- 
tration rate if the mud circulation is 
adequate: yet. the only known tech 
nique for drilling a straight hole is to 
reduce weight on the bit. Therefore, the 
industry must develop methods of drill- 
ing a straight hole with increased weight 
on the bit. This might be accomplished 
by stabilizing the drill string through 
the use of concentric rubber bearings. 
one portion being vulcanized to the drill 
string and the other fitting loosely in 
the bore hole. Manufacturers of large 
gun barrels utilize a fully-stabilized cut- 
ting tool and core solid steel at the 
startling rate of 20 ft/hr; while the oil 
industry drills hard geological forma- 
tions at a much slower rate. Promis- 
ing developments concerning increased 
penetration rates pertain to the use of 
jet bits, to percussion action combined 
with retary action and to the use of air 
as a circulating fluid. 


ILLINOIS BASIN CHAPTER OFFICERS elected recently are, L to R, W. T. 
Roach, Tretolite Co., director; J. R. Vaughan, Sun Oil Co., vice-chairman (pro- 
gram): L. W. Swanbeck, E. A. Obering Co., chairman; R. L. Schick, Sohio Petro- 


leum Co., secretary-treasurer; L. 


\. Mylius, consultant, director; and Daniel M. 


Moon, Schlumberger Well Surveying Corp., vice-chairman (membership). 
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Some Economic Aspects of Well Spacing 


Reported by W. B. Davis 
Mid-Continent Section 


\ta 


Section 


meeting of the Mid-Continent 
Study held 
University of Tulsa 
A. W. Walker gave 


an informal discussion of some studies 


Reservoir Group 
Jan. 29 on the 


campus, Professor 


on the economic aspects of well spacing. 

Head of the Department of Petroleum 
Production Engineering at the univer 
sity, Walker is presently serving as co 
chairman of the Study Group Commit- 
tee. He is also a member of the API 
district committees on well spacing and 
recovery. The studies 
made by graduate students under Walk- 
er’s direction. Cases were considered in 


secondary were 


which it was assumed that there was no 
variation in ultimate recovery with well 
spacing and other cases were consid- 
ered in which it was assumed that ulti- 
mate with well 


recevery would vary 


spacing. Each of the analyses consid- 


ered several different well 
Each 


well costs and several different ranges 


analysis considered a range of 
of ultimate oil recovery. In all cases 


the revenues and operating expenses 
were discounted to present worth at 4 
per cent and 6 per cent per annum. For 
all the various cases considered. the net 
profit per unit acreage discounted to 
present worth was plotted against well 
spacing. 

Under the ranges of ultimate oil re 
covery, well costs, ete that are nor 
mally encountered in development drill 
ing. most of the curves plotted showed 
an increasing net profit over the lower 
ranges of well spacing. reached a maxi 
mum and then decreased over higher 


ranges of well spacing. According to 


AIME President M. L. Haider 


Will Visit Texas Local Sections 


Mic hael - Haider. 
nator of produc ing activities for Stand 
ird Oil Co. of N. J. and newly in 
stalled president of the AIME for 1952, 
will visit 


deputy 


Local Sections in Texas the 
week of March 16-22. On Monday. 
March 17, President Haider will meet 
with the Student Chapter of the Petro- 
leum Branch, AIME. at Texas 
logical College in Lubbock. That eve- 
ning he will talk to members of the 
Permian Midland 
Topic for his talks will be Petroleum 
AIME affairs 

On March 18, he will fly to Bryan 
and will talk to the Student Chapter 
at Texas A&M College. The evening 
of March 18 will be spent by President 
Haider with members of the Gulf Coast 


Pe hno 


Basin Section in 


Branch and 


Section in Houston 
On Wednesday 
fly to Corpus 


March 19. he will 
Christi where he will 
meet with the Southwest Texas Section 
March 20. he will 
proceed to Austin to visit with the Stu 
dent Chapter at the 
Thursday 


and on Thursday 
University of 
Texas. evening, he will re 
turn to Dallas for a special dinner meet- 
ing of AIME members and their ladies 
in North and East Texas. At this fun 
tion, he will present the Certificate of 
Honorary Membership in the AIME to 
E. DeGolver (Feb. JPT). 


3? .. « GON 1 


coordi 


MICHAEL L. HAIDER 


On Friday. March 21, he will visit 
Kilgore and the East Texas Field and 
speak to members of the East Texas 
Section. On March 22 he will return to 
New York City. He will be accompanied 
on his trip by Joe B. Alford 
Secretary of the 


Executive 


Petroleum Branch 


President Haider will attempt to visit 


other sections throughout the vear. * 
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allowables. 


4. W. WALKER 


Walker's 
little difference it takes in the spacing 


results, it is surprising how 


to attain maximum net profit whether 
or not it is assumed the ultimate recov- 
ery varies with well spacing. For the 
range of well costs, ultimate recovery, 
ete.. usually encountered in practice, it 
was found that the economically opti 
mum well spacing varied somewhat. but 
ippeared to average about 40 acres per 
well. which corresponds with much 
present day practice. 

In the discussion that ensued, it was 
brought out that the conclusion that 
there is an optimum well spacing re- 
gardless of whether or not recovery 
varies with well spacing, is based pri- 
marily on the practice of discounting 
ill revenues and expenses to present 


worth: however, since most oil com- 


panies operate. at least partially, on 
borrowed capital, this appears to be a 
valid assumption 

\ symposium on the Spraberry sand 
West 
sented at the regular monthly meeting 
of the Section on Feb. 11. The pring ipal 
speakers were Lincoln Elkins, R. 
Farris and C. V. Millikan. 
Elkins, a 


the Petroleum Branch, and special proj 


development in Texas was pre- 


Lincoln vice-president of 
ects engineer for the Sohio Petroleum 
Corp. discussed the reservoir engineer 
ing aspects of the Spraberry sands. His 
discussion included some data on the 
fracture porosity and on the perform- 
ance of the wells. Farris. who is assist- 
ant operating superintendent of the 
Stanolind Oil and Gas Co., discussed 
drilling and completion problems. Milli- 
kan. chief engineer of the Amerada Pe- 
troleum Co.. discussed production prob- 


lems * * * 
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3S:B 


6WDH 10 


Glyco! Dehydrator 


Makes Low F 


Vells More Profitable 


Extra efficiency and operating economy of this 
BS&B Glycol Dehydrator with compressed 
gas is paying off in lower dewpoint to the 
pipeline and more profitable production from 
the low pressure gas wells in the Gist Field 
of Newton County, Texas. Handling some 
4MMSCED of natural gas from 6 wells, (coms 
pressed to 750 psi) this economical BS&B unit 
is dehydrating to pipeline requirements, 
Lower initial cost, minimum operating 
expense and the fact that compressor oils do 
not contaminate the dessicant, makes the pros 
duction and sale of compressed gas both more 
practical and more profitable with the BS&B 
Glycol Dehydrator. 
For 1MM or 200 MM cubic feet of gas per day, 
BS&B’s WDH Glycol Dehydrators will render 
the same efficient, economical service. The very 
simplicity ofits controls (with only three stand- 
ard control parts) and its positive operating 
cycle make this BS&B unit ideal for wellhead, 
field or transmission line installation, where 
trouble-free economical operation and low 
dewpoint dehydration are the prime factors. 
hing Costs. Glycol consumption 
is negligible with the efficient BS&B WDH 
dehydrator. The gas-powered Glycol regen- 
eration pump utilizes low pressure gas from 
the sorber for power; a BS&B patented method. 


Write for your FREE copy of the BS&B Gas Dehydrator Book 


—with complete capacity charts. 
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These Cores Are Not Punched 
Or Gouged, But Cut By Drill 


Stern Rotation and Circulation 


A-1 BIT & TOOL COMPANY 


2000 HUSSION STREET 


TEXAS 1S OKLAHOMA ILLINOIS 

Come Oklahoma Cit dine 
Viet 4 WYOMING Baash-R 

vk New Orle Sa CANADA 
3 Lake e Baash-R I tT 

P a (Sidewal Lt 
LIFORNIA MISSISSIPPI Casing M 20-8t 
Angele Brookhave and Side Tr 
Ross T r) Burris Ke 


e BOX 2133 


CHarter 7611 a HOUSTON 


DISTRICT OFFICES AND SERVICE POINTS 


1C9, 


EXPORT 
REPRESENTATIVES 


NEW YORK. N.Y 
Beckley. Haltom 
& Hickma 

SOUTH AMERICA 30 Rockefeller Plaza 


CR. Sommers ARGENTINA 


Avila Hotel 
Caracas Langley y Cia 
Venezuela Corrientes 1115 
Buenos Aire 





i 





‘ 


ANNA 
AAANAAAY 


Ww 


NAN NAN ~ 


. ANY 


2%: 
t roe 


Fran et 


a 
¢ 
> Ae 


Ae 
, 
° 











NEAR & FAR EAST 
W. 0. Calvert 
20 Copthall Ave 
L n€-C.2 
Engiand 
MEXICO 
J. E. Douglas 
2nd Natl. Bank Bldg 


Houston, Texas 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 
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LOST CIRCULATION CORRECTIVE: TIME-SETTING 
CEMENT 


CLAY 


J. U. MESSENGER AND J. S. McNIEL, JR., MAGNOLIA PETROLEUM CO., DALLAS, TEX. 


ABSTRACT 


In the drilling of oil wells the control and prevention 
lost circulation of the drilling fluid is a problem whi 
frequently encountered; in many cases existing materials and 
methods for alleviating this condition have not been adequate 
For severe cases of lost circulation in which the simpler met! 
ods, such as application of various bridging materials to the 
mud system, have proven unsatisfactory, a new material at 
method for applying to the loss zones have been developed 
which appear to be superior to existing techniques in mat 
respects. 

The material. called a clay cement, is capable of being 
handled as a drilling fluid after initial mixing of the solid 
pumped down the drill 
pipe and squeezed into loss zones. After a short period, the 


ingredients with water and may be 


material develops a very high gel strength which seals off the 
zone against further losses of the drilling fluid. 

In field tests, the process has been demonstrated to be 
very effective method for combatting lost circulation. 


INTRODUCTION 


Methods of treating lost circulation in rotary-drilled well 
by the addition of special materials to drilling fluids have 
long been in the process of development and are continuing 
However, the annual drilling costs which can be 
traced directly to lost circulation difficulties still run into the 


dollars. The mud materials 


to improve. 


millions of loss of into hight 


References given at end of paper 
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permeable zones may range up to $50,000 per well in some 


areas. In addition to mud _ costs, 


excessive requirements of 
and the attendant blowout hazards 


further emphasize the importance of the need for improved 


casing, cement, rig time 
methods of combatting lost circulation. The shortcomings of 
presently-used materials and methods have led to the develop- 
ment of a returns in the form of a time- 
field this material has 
very successful in plugging off loss zones. which other more 


new. lost material 


setting clay cement. In tests proven 


conventional materials had failed to do. 


REVIEW OF PRESENT CORRECTIVE 
MEASURES 


Che proper control of such operating factors as pump pres- 
sure, clearance between pipe and hole, and speed of running 
hole’ is of primary importance in preventing and 
minimizing lost circulation problems. These factors, however, 


pipe ina 


concern matters of drilling technique and do not directly in- 
volve lost circulation materials, Aside from setting casing past 
three principal methods are generally employed 
purpose 


zones 
for the of avoiding or combatting lost circulation: 
density) of the 
drilling fluid, (2) addition of fibrous, flaky, granular or other 
types of bridging materials to the mud system, and (3) the 
application of cements to the loss zones. The latter method 
is usually employed only after the first two have proven unsuc- 
cessful. In Table I are listed some advantages and disadvan- 


1) adjustment in properties (principally 


tages of the common corrective measures. Frequently, a com- 
bination of bridging material and cementing material is used. 
This combination is based on the premise that a bridge will 
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Table I Methods 


(1) 
Adjustment of mud properties 
(density and gel strength) 


Types of 
Materials Used 
. Weighting materials 
Viscosity-reducing additives 


Economical 


Advantages 
Requires no special materials 


( 
dition of bridging plastering 


. Fibrous or flaky material 
Size-graded granular soli 


Tends to offe e m sé 5 P 1. In 
bridgeable a ncot 
in drilling 
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of Correcting Lost Returns 


2) (3) 

Use of cementing materials 
to mud system 

Gel cement 
Quick-etting cement 
jeat cement 


some will t 


most severe types of loss 
Will tolerate high 


cases protect again 


pressure surges 


Treatment does r 
loss of rig time 


Applicable only to mild loss, usually 
at shallow depths 
Correction requires close 
is often temporary 


Disadvantages 


control and 


new 


be built up within the loss zone at some distance from the well 
bore, affording a base against which a solid plug of cement 
might be formed. 

Perhaps the most dependable method of overcoming lost 
circulation troubles is by method 3, the cementing 
materials. The expense and difficulties of this method are such 
however, that cementing materials generally are used in loss 


use of 


zones only where bridging and plastering materials have been 
proved ineffective. The use of gel cement and quick-set ce- 


ment is common practice; however, neat cement is sometimes 
used in areas where gel cement is not available or in deep hot 
wells in which the mud weight is high. Shorter WOC times 
with quick-setting cement and a more easily drilled plug 
with gel cement has saved some rig time, but the danger of 
sticking pipe has made operators reluctant to “squeeze” in 
open hole. 

Chermosetting plastics have been used for correcting lost 
returns and have shown some promise. While their applicabil- 
ity mav involve less loss of rig time than do cements, they 
usually have no gel strength or bridging ability, and are diff 





PROPERTIES MEASURED aT 
O INITIAL GEL 

G \lO-MINUTE GEL 
& SO-MINUTE API 


GRams 


WATER LOSS 


STRENGTH 


STORMER GEL 











WEIGHT PER CENT SOLIOS IN SLURRY 
95 100 


OENSITY OF 





ios "0 
SLURRY, .8S/GAL 


FIG. 1 — EFFECT OF SOLIDS CONCENTRATION OF TIME-SETTING CLAY 
CEMENTS ON INITIAL AND 10-MINUTE STORMER GEL STRENGTH, AND 
CORRECTED API 30-MINUTE WATER LOSS 


60 


Will not protect against more 
types 
cavities exist b 
Will not withstand appreciable back c 
pressure surges 

Loss of effectiveness 
often 
material 
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Loss of rig time because of 
Placement time 
WOC time 
Time required to drill plug 
2. Danger of sticking pipe 
ilating 3. Possible deviation of hole while drill 
addition of ing plug 
Adverse effects on mud properties by 
contamination with cement 
5. Anticipatory treatment not 


severe 


of losses where crevices and a 


while circ 


nstant 


requires c« 


possible 


cult to apply, particularly in deep hot holes. Because of their 
limited applicability, of the fact that they are only partially 
effective, and of their high cost, they are not in wide use for 
this purpose. 

Sodium silicate mixed with a clay slurry opposite the loss 
zones (by displacing one material down the pipe and the 
other down the annulus) has also been successfully applied 
to lost returns problems. However, the method of applying 
sodium silicate muds is difficult. requiring simultaneous con- 
trol of pumping rates in pipe and annulus. 

For the purpose of combatting lost circulation in cases 
where the simpler and more expedient methods have proven 
unsuccessful, a time-setting clay cement and technique of 
application have been developed which do not suffer many 


of the limitations of other materials and methods. 


PROPERTIES OF TIME-SETTING CLAY 


CEMENT 


as referred to herein, consists of 
smaller 


lime-setting clay cement 


an aqueous slurry of an especially selected clay. a 


amount of an aluminum silicate to increase the strength of 
the set clay cement. and a retarder for increasing the pump 
ing time of the slurry during application. The properties of 
the slurry immediately after mixing are such that it may first 
be pumped down a well to a highly permeable zone respon- 
sible for lost circulation and then squeezed into such a zone 
After a relatively short period, the gel strength of the slurry 
increases to a very high level and becomes a plastic-like mate- 
rial with sufficient strength, in most cases, to seal off the zone 
igainst mud losses during subsequent drilling operations. 
Che physical properties of the slurry immediately after mix- 
resemble those of a highly thixotropic drilling 


ing closely 


mud. In the table are 
typical time-setting clay cement slurry. In Fig. 1 are shown 


the Stormer initial and 10-minute gel strengths and API 30 


following given the properties of a 


minute values of freshly mixed clay slurries as a 


function of the concentration of clay cement solids. The rela- 


water 


tively low water loss level and high gel strength of the slurry 
immediately after added benefits for the 
applic ation to which the clay cement has been designed. The 
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low water loss of the slurry makes possible squeezing oppo 


site a highly permeable zone without danger of a flash set 
and the attendant hazard of stuck drill pipe, whereas the hig! 


gel strength aids in obtaining efficient displacement of for 
mation fluids or drilling mud present in the loss zone. This 
latter effective pluggit 

of the loss zone. 


property is essential in obtaining 


Properties of a Typical Time-Setting Clay Slurry 


lotal Solids 
Density of Slurry 


35 wt per cer 
10.7 Ib ‘gal 
Initial Stormer properties: 
250 cp 
Initial gel 100 g 
10-minute gel 800 « 
Water-loss (30-minute API, corr.) 7 
24-hour equivalent Stormer gel 


160°F) 


600-rpm_ viscosity 


(aged at 10.000 « 


Fig. 3 shows data on the effect of clay cement solids cor 
centration on the strength or hardness of the clay cement after 
static aging for 24 hours at 170°F. The strength of the cla 


j 


cement is expressed in terms of depth of penetration obtained 


with an ASTM penetrometer in which a cone with an apes 


angle of 50° was substituted for the conventionally employe 
needle. Use of this type instrument became necessary ina 
*s 


much as the clay cements containing as much as 35 we t 


per cent solids had strengths far in excess of the limits of the 


previously used gel strength measuring equipment. As n 
be anticipated, the higher solids concentration gave conside! 
able lower penetration values, indicating greater strengths of 


the clay cement. 


TECHNIQUE OF PLACEMENT 


lime-setting clay slurries have been applied thus far o1 
to loss zones against which plastering and bridging material 
have proved to be relatively ineffective. The method of app! 
cation closely resembles a cementing operation. 

The time-setting clay slurry is preferably placed in a w 


by using conventional cementing equipment wherein the c| 
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SLURRY COMPOSITION 29 WT % CLAY CEMENT 


SLURRY DENSITY 102 LBS/GAL 








GEL STRENGTH, 
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FIG. 2—EFFECT OF AGING TIME AND TEMPERATURE ON GEL STRENGTH 
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TH AS.IM 
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Ww 
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8) 


EPTH 
PENETROMETER, 
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PENETRATION 





30 35 40 45 
WEIGHT PER CENT SOLIDS 





0.0 10.5 11.0 11.5 12.0 


DENSITY, LBS/GAL 


FIG. 3 — EFFECT OF TIME-SETTING CLAY CEMENT SOLIDS CONCENTRA 
TION ON STRENGTH OF CLAY CEMENT 


cement solids and mixing water are jet-hopper mixed and then 
pumped directly into the drill pipe. In certain areas, particu- 
larly in application to shallow loss zones, it should be feasible 
to utilize regular mud need for 


pumps and eliminate the 


cementing equipment 
On the basis of field experiences with these slurries, the 
following general procedure of placement has been developed. 


1. Drill pipe is run, preferably open-end, to a point opposite 


or slightly below the loss zones. 


\n attempt should be made to establish at least partial 
circulation, using the cementing pumps, for the purpose of 
clearing the hole in the vicinity of loss zones of other 
materials which may have accumulated from former opera- 


tions 


The time-setting clay cement slurry is “spotted” against 
the loss zones by being displaced down the pipe with the 


drilling fluid available at the well. 


The slurry should be pumped into the hole until mud re- 
turns are obtained and then the blowout preventers closed. 
If the amount of clay cement placed is sufficient to plug 
the loss zone and if the fluid level is so far down the hole 
that returns cannot be established by forcing clay cement 
pipe, the hole should be filled with 
drilling fluid through the fill-up line after one-third to one- 
half of the clay 


zone, and if the hole 


up around the drill 


cement has been displaced against the loss 
then stands full or flows, the blowout 
preventers should be closed. This technique has been used 
the loss zone is below or within 
a short distance above the end of the drill pipe. 


An attempt should be 
(annulus pressure) sufficient to withstand the dif- 


ind is satisfactory where 


made to obtain a positive squeeze 
pressure 
ferential pressure which the loss zone is expected to with- 
stand during further drilling operations. In order to allow 
more of the slurry to penetrate into the loss zones without 
pressures which cause the forma 


exceeding may 


tion to be fractured at other weak points, the pumping rate 


squeeze 


may be reduced toward the completion of the squeeze. 


6. After all of the slurry has been displaced from the pipe, 
pressure should be maintained on the closed system for the 
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FIG. 4— PUMPING CONSISTENCY OF CLAY CEMENT AS AFFECTED BY 
SIMULATED WELL CONDITIONS DURING PLACEMENT 


duration of the setting period or for whatever period is 
considered safe under the specific conditions. Undesirable 
swabbing effects due to the withdrawal of the pipe from 
the plug are largely eliminated by having the drill pipe 
placed so that a minimum of clay cement gets up around 
the pipe. Under conditions where clay cement was thought 
to have been up around the drill pipe, swabbing effects 
resulting from the withdrawal of the pipe have not caused 
any perceptible damage to the plug applied to the loss zone 


After removing the pipe from the hole, a wire line may be 
run to establish the location of the top of the clay cement. 
From this information, the amount of clay cemerit squeezed 


into the formation may be estimated. 


1I50°F. the 
short 


If the formation above clay 


cement plug may be 


temperature ts 
drilled 


period of one to three hours. For 


after only a waiting 


lower temperatures a 


waiting period up to ten hours should be allowed. 


hole. the bit is 
the top of the plug and drilled through at a 
rate no greater than ten feet per minute. 


In drilling out the clay cement in the 


lowered to 


PERFORMANCE OF TIME-SETTING CLAY 
CEMENT IN FIELD APPLICATIONS 


Lost returns zones in 12 wells located in six fields have been 


treated with time-setting clay cement. A summary of these 
applications is given in Table II. In all these wells, the loss 
zones are considered to have been relatively severe, and the 
application of clay cement was made only after attempts to 


seal off the zones by other means (bridging materials, and in 


62 PETROLEUM TRANSACTIONS, AIME 


LOST CIRCULATION CORRECTIVE: TIME-SETTING CLAY CEMENT 


some cases, portland cement were employed). It is to be noted 


that, in most instances, returns were regained afier application 


of the clay cement. In the two cases where circulation was not 
regained, drilling proceeded with partial to complete loss of 
circulation until casing was set past the loss zone. 

Several of the applications have been in relatively deep 
wells. To illustrate the pumpability of time-setting clay cement. 
the material was tested in a high pressure, high-temperature 
In Fig 
characteristics of a clay 
solids 


s¢ hedule employed is also 


ement consistometer 1. the consistency-pumping time 


cement slurry 


The 


shown. 


containing 38 weight 
and 


data 


per cent are shown pres-ure 


I hese 
length 


temperature 
indicate that 
realizable 
clay cements providing, in many instances, a greater flexibility 


pumping periods of satisfactory are with 

in placement operations than is available by other methods. 
Attention should be called to the shape of the pumping 

cement and conventional cements. While the 


safely 


conventional cement, its set 


curves for clay 


pressures at which clay cement can be pumped are 


than those for 
ting that it 
the limit of its pumpability. In deep hot holes, it is recom- 
that the drill pipe not be filled 


because of its high gel strength 


generally highet 


curve shows does not exhibit a rapid set neat 


clay 
However, pumpable batches 


mended with cement 


of from 15 to 30 bbl have been applied easily and found very 


effective in restoring circulation under relatively high tempera 
ture conditions 


CONCLUSIONS 


As a 


the following 


result of the field trials conducted with this material 


advantages of time-setting clay cement over 


other materials and techniques for combatting lost circulation 


have become apparent 


1. Because of its low water loss. a time-setting clay cement 
slurry can be safely squeezed in open hole and up around 


the drill pipe rhere is no danger of stic king the drill pipe 
as a result of flash-setting of the clay cement. 


Because of its high gel sirength. a time-setting clay cement 


resistant to dilution by formation waters and the 


fluid 


slurry is 
drilling 


crevice- 


and can be used to fill large cavities and 


Longer loss zones can be treated at one time than is prac 
tical using conventional cementing materials, and because 
of the low density and high gel strength of clay cement. the 


likelihood of is enhanced 


success 


iuch lower final strength of clay cement as 
drilled 


of deviating the 


Bex ause of the 
compared to conventional cements. plugs may be 


more rapidly and with much less danger 


hole 
No tools have to be set to keep the slurries from coming up 


iround the drill pipe 
drawn from the clay cement surrounding it after placement. 


inasmuch as the pipe may be with 


Unlike cements, time-setting clay slurries will not impalit 


the physical properties of a mud to any appreciable degree 


slurries cost less to use than common 


require less WOC time and less time 


lime-setting ‘clay 


cement because they 


to drill 


Because of the low water loss of clay cements, the possi 
bility of further 


resulting from filtrate effects is largely eliminated 


damage and weakening of formations 


In its of development, the application o 


time-setting clay cements has limitations in certain cases. For 


present stage 


lower strengths, large quan 
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Vol. 





J. U. MESSENGER AND J. S. McNIEL, JR. 


Fable 


Loss Zones Treated 


Formation 
Temperature 
F 


Estimated 


Depth Type of 
ft 


Loss Zone 


Fractures 
Fractures 
Fractures 
Fractures 
Solutio: 
Channels 


6,520-6,760 100-120 
5,970-6,480 

5,500-6,650 100-120 
6.650-6,660 100-120 
4,295 100 
4,340 

Fractures in Salt 


400-685 60-80 


Broken Limestone 
Broken Limestone 


180-220 
180-220 


1.864-4,899 

4.230 

4,290 

4,320 

4,524 

5.655 

1,091 
11,343 
11,439-11,709 
10,600-11,000 


Broken Limest 
Broken Limestone 
Fractures 
Fractures 
Fractures 


180-220 
100-140 
200-230 
200-230 
200-220 


*Measurement of top of plug after squeezing not made 


tities are sometimes necessary to seal severe loss zones, espe 
cially where formation temperatures are low. This has been 
caused partially by the necessity for sacrificing some strengt! 
in the final set materials in order to retain other advantages 
previously discussed. While the material is not yet a cure-all 
for lost circulation problems, it has thoroughly demonstrated 
decisive advantages over other materials and techniques for 
curing a number of very serious types of lost circulation. The 
application of time-setting cements has thus become a valuab! 
method for combatting these problems. 

The authors wish to express their appreciation to the petro 
leum engineering and producing departments of Magnolia 
Petroleum Co. for their arranging and assisting in the field 
extended to B. F. Taylor 


Appreciation is also 
conducting much of the 


applications. 
for assistance and cooperation in 
experimental work. Acknowledgment is made to the manage 
ment of Magnolia Petroleum Co. for permission to publish 


this paper. 


REFERENCES 


Wud Control, Eighth Edit 
Ame rican 
(1951 


| Anon Princles ot Drilling 
Div. of Extension. The University of Texas and 
Association Oilwell Drilling Cont.. Austin, Texas 


Goins, W. C.. Jr.. Weichert. J. P.. Burba, J. L.. Jr.. Dawson 
D. D.. Jr. and Teplitz. A. J.: “Down-the-Hole Pressure 
Surges and Their Effect on Lost Circulation.” presented at 
API Southwest District Meeting, 1951. (Also. in Or! and 
Gas Jour., April 12. 1951, 86.) 


F.: “Lost Circulation Materials and Mud Add 
(Dec. 28. 1950). 


}. Carlson, R 
tives.” Oil and Gas Jour.. 


Vol. 195, 1952 


PETROLEUM TRANSACTIONS, AIME 


T.P. 3283 


Summary of Field Applications of Time-Setting Clay Cement 


Clay Cement Application Data 
7 Calculated Amt. 
Bbl/Hr Amount Squeezed into 
After Placed Formation 
Treatment bb bbl 


32 10.8 
38 

372 
320 
399 


Mud Loss 
Before 


Treatment 


Slurry 
Density 
Ib/gal 


None 
None 
None 
Complete 
Partial 
Complete 


11.1 
11.0 
10.8 
Containing 
expanded perlite 


omplete 
omplete 
omplete 


None 171 


Complete 


Containing 
expanded perlite 
11.0 


25 None 
omplete None 
20 None 
60 None 
5 None 
None 
None 
None 
None 
None 


11.0-11.4 


Complete 
Complete 
Complete 
Complete 
Complete 
(600 bbl/hr) 


DISCUSSION 


By W. C. Gulf Oil Corp., Houston, Tex. 


Goins, Jr . 


rhe authors are to be complimented for making a fine con- 
tribution to an important phase of the lost circulation prob- 
lem 

It is often found that the use of the common sealing mate- 
rials such as mica, wood fibres, cellophane strips, etc., fail to 
seal off a loss. This makes the use of cement or highly viscous 
squeezing mixtures necessary, but their application is fre- 
quently attended with difficulties. 

Gel-cement is probably the best material that can be used 
for losses at or a casing seat, but complications arise 
if it is used in open hole, particularly where it is desired to 
squeeze the cement into a loss zone in a long open hole sec- 
tion. It must be squeezed from the casing through the long 
open hole section, or a packer must be set in the open hole. 
This latter measure is usually difficult, if not impossible. If 
the squeeze is made in soft formations there is danger of side- 
tracking the hole when the cement is drilled out. Also, chunks 
of cement may fall into the hole during later drilling and stick 


near 


the pipe 

The sodium silicate squeeze mentioned by the authors has 
frequently been used successfully, but usually requires pump- 
ing in both the annular space and drill pipe to accomplish 
effective below-bit mixing of the silicate and fresh water mud. 
Two cementing trucks are usually necessary, and if the annu 
lar space does not stand full during the squeeze there can be 
no certainty that the squeeze mixture is going down the hole 
to the point of loss. It may turn up around the end of the 
bit and tend to stick the pipe 

The method presented in the paper would require only one 
cementing truck and would be simpler in general to apply 
Since no annular space pumping is required, a packer could 
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be set at the casing seat for those jobs where the annular 
space does not remain full. 

In the Gulf Coast area circulation can usually be regained 
through the use of the common bridging and plastering agents, 
but squeezes of the type described here become necessary in 
“pressure conditioning” formations. This is the problem which 
arises when the well loses circulation with a mud of a given 
density, and it is anticipated that a higher mud density will 
be required before casing is set. This makes it not only neces- 


sary to regain circulation but also to strengthen the loss zone 


to the point where it will circulate the anticipated high mud 
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is considerable drilling to be done before the 
pressure zone 1s to he 


density. If there 
high 


gamble on 


penetrated then it is possible to 
before 
the high pressure ts encountered the well should be pressure 


the loss zone strengthening with time: but 


tested to determine whether the higher density mud can be 


circulated. Frequently it cannot be circulated, and additional 


sealing measures are required, even though the well is experi 
encing no loss of circulation with the mud in use. Repeated 
squeezes with cement or other often 


squeeze mixtures are 


necessary before 
It will be very the author 


clay cement in this application ~ * * 


the well withstands the required pressure 


interesting to follow the use of 
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IMPROVED MULTIPHASE FLOW STUDIES EMPLOYING 
RADIOACTIVE TRACERS 


V. A. JOSENDAL, JUNIOR MEMBER AIME, B. B. SANDIFORD AND J. W. WILSON, MEMBER AIME, UNION OIL CO. 
OF CALIFORNIA, BREA, CALIF. 


ABSTRACT 


tested as a 
flow 


Iwo radioactive tracers have been means 


determining core saturation in multiphase studies 
Cesium™ chloride was tried as a water-phase tracer, but com 
plications in its use in low permeability cores resulted fron 
sorption of cesium by the core or water-wet pads. lodo™ ben 
zene proved very satisfactory as an oil-phase tracer. The syn 
thesis of iodobenzene from the sodium iodide as received fron 
Oak Ridge is simple and direct. The tracer is insoluble in 
water and there was no evidence of sorption by any of the 


core materials used. 


Use of the method to determine saturation profiles during 
capillary and dynamic desaturations and relative permeability 
measurements on oil-water and oil-gas systems is described 
Comparisons of the dynamic and capillary methods of relative 
permeability determination were made using the tracer t 
check core saturation and saturation distribution. Other exper 
ments are also described in which mobility of the oil phase 
various saturations was measured by displacing labeled 
by flowing inactive oil. Similar experiments were made 
water labeled with cesium 134. 


INTRODUCTION 


lo be fundamentally sound, any laboratory method of deter 
mining relative permeability must meet, among others, the 
following requirements: (1) the core saturation between 
pressure taps must be uniform, and (2) 
form pressure difference between the phases in the reg 


there must be 
between the pressure taps. In practice it may eventually be 
shown tiat appreciable departure from either or both of thes« 
conditions may be permitted without introducing sensible 
error, but the magnitude of such error remains to be estal) 
lished. There is need ‘then for methods of saturation determi 
References given at end of paper 

received in the office of the Petroleum Branct 
’ sented at the Petroleum Branch Fall Meeting ir 
veles, Calif., Oct. 25-26, 1951 
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tion which will determine the saturation profile in a core as 
well as the overall average saturation given by the gravimetric 
or material balance methods usually employed. 

Methods which have received consideration include resistiv- 
ity, X-ray absorption, gamma ray absorption, neutron diffrac- 
rhe resistivity method has use 


tion, and radioactive tracers 


in the determination of profile, but needs checking by inde 
The X-ray method has been used successfully. 
At pres- 
ent gamma ray absorption is practical only for very large 
method’ does not appear adaptable to 
variations in short cores since it 


pendent means. 
but requires elaborate equipment and calibration.’ 
cores. The neutron 
measurement of saturation 
is a scattering method. Russell, Morgan and Muskat’ employed 
radiovanadium in a study of the mobility of interstitial water. 
Coomber and Tiratsoo’ used radioiodine as an oil-phase tracer 
and measured profiles in unconsolidated sand packs. 


ADVANTAGES OF RADIOACTIVITY 
METHOD 


\ thorough discussion of the theory of radioactive tracers 
ind the the movement of 
fluids in sands is given by Coomber and Tiratsoo” and need 
not be detailed here. The method requires less equipment than 


technique of using them to study 


the X-ray method; the counting problem is similar, but the 
generation and regulation of the radiation, which is a major 
X-ray method. is not required in the radio- 
method. In the X-ray 
up to 20 per cent of absorber. usually an iodine compound 
while in the radioactivity method 
\ possible disadvantage of the radio 


problem in the 
activity method it is customary to add 
to the phase to be labeled 
i mere trace is sufficient 
ictivity method is that a disproportionate amount of the activ- 
ity comes from the portion of the core nearest the counter, 
whereas the X-ray gives a true average saturation in the region 
traversed by the beam. On the other hand, this characteristic 
of the radioactivity method renders it peculiarly adaptable to 
study of certain types of radial variations in saturation 

(As with the X-ray method, a tracer may be added to either 
the oil or water-phase. An oil-phase tracer is more generally 


useful, however, since it permits work on oil and gas in the 
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presence of interstitial water as well as on oil-water system- 
There are a number of available radioactive metals which can 
be considered for use as water-phase tracers, the only probable 
difficulties being sorption or ion-exchange on clays. However 
except for oil-soluble, water-insoluble compounds that might 
be prepared from these metals, the selection of suitable oil 
phase tracers is quite limited. lodine 131 is a natural choice 
since it is readily available. relatively inexpensive, and has 
an acceptable half-life (eight days). A half-life somewhat 
longer than eight would be desirable; however, thi 
period allows experiments of three to four weeks duration 
and there is the definite advantage that contaminated articles 
- 
will be perfectly safe 


days 


need merely set aside for several weeks, after which they 


Coomber and Tiratsoo” used fre: 


tracer, which was feasible in their 


iodine as an oil-phase 
work since they found the 
distribution coefficient of iodine between oil and water to be 
about 2,500. However, the presence of reducing substances 
such as hydrogen sulfide in either the oil or water, or the 
presence in the water of complexing agents would rule out 
the use of free iodine 


MATERIALS AND COUNTING EQUIPMENT 


In the initial experiments cesium 134 in the form of cesium 
chloride was used as a water-phase tracer. Cesium 134 has a 
half-life of 2.3 vears, and the energies of the principal gamma 
components of the radiation are 0.568, 0.602 and 0.794 mev 
Six-tenths of a gram of cesium carbonate obtained from the 
Atomic Energy of about 40 
millicuries at the time of use was dissolved in three per cent 


Commission having 


an activity 
aqueous sodium chloride solution containing a slight excess of 
hydrochloric it to cesium chloride. For each 
experiment a 10 ml portion of this solution was added to 140 
ml of three per cent sodium chloride solution, stirred under 
vacuum to mix and de-gas. and adjusted to a pH of five with 


acid to convert 


sodium hvdroxide 
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In later experiments iodine 131 in the form of iodobenzene 
was used as an oil-phase tracer. Iodine 13] has a half-life of 
eight days and the energies of the principal components of 
the gamma radiation are 0.638 and 0.364 mev. Heptyl iodide 
had been prepared in this laboratory by exchange for use as 
a tracer.” However. the aryl | be more 
stable, preparation of iodobenzene is simple 
direct, and gives excellent yields. it was chosen for this work 
Details of the preparation as carried out in this laboratory are 
given in Appendix A. No activity is removed from the labeled 
oil when shaken with concentrated hydrochloric 


ralides are known to 


and since the 


ac id. concen 
or sodium bisulfite solution, A quan- 
millicuries of 13] 100 to 200 ml 


The concentration of iodoben 


trated sodium hydroxide, 
titv of 50 


or iodine in 
ot oil Was generally employe i 
zene was 0.02 to 0.04 per cent 
Che counting apparatus consisted of the following units 
a. Geiger-Mueller end tube, Tracerlab 
TGC-1 or TGC-2 or 


2 Radiation Counter Laboratories Mark I 
Model 13. 


counts 


window counting 


Predetermining scaler. 


Technic al 


count 


by 


rval timer 


range of two to 8.192 


(ssociates, Glendale. Calif 
Tracerlab SC-5A. 


le ad 


custom-built 
c. Printing inte 


\ special 


counting tube 


shield iding two 


proy 
built 


in. of around the 
Fig. 1. Plug A 
can be provided 
in front of the G-M tube one-fourth 
high was used. With a shield two in. thick 
a half-inch sheath of Lucite around the core. the length 
of the core of the 


was 
th 


In most of the work a slit 


ind is shown in 


removable so at different sized openings 


in. wide by one in 
and 
in view counter averaged about one-half in 
when the counter was ope rated as close to the core as possible. 
Iwo in. of lead was desirable in the work with cesium. This 
thickness was also employed for the iodine, but further investi 
gation might show that thicknesses of the order of one in. 


be adequate. For better definition a slit he 
used, but it m be that the slit width is 
reduced, the t of activity passing through the lead from 


imount 
the the core m 


may 


narrowe! ean 
ist remembered as 


remainder of iy become appreciable compared 


to the quantity passing through the slit, thus tending to de 





ra) 
°o 














LEGEND 
A-COUNTER TUBE 

B- TUBE SOCKET COVER, 
C-1/4" SHIELDED CABLE 
D-6" STEEL PIPE 

E-3" STEEL PIPE 
F-PLUG A 

G-1/4°x 1° SLIT 


°o 


? 


LUCITE 





ACTIVITY, COUNTS PER SECOND 
°o 














10 


1 — DETAIL OF COUNTING TUBE SHIELD FIG 


2— ACTIVITY PROFILE 


PETROLEUM TRANSACTIONS, AIME 


| 2 3 4 
CYLINDER LENGTH, INCHES 


KEROSENE FILLED HOLLOW CYLINDER 


Vol. 195, 1952 





V. A. JOSENDAL, B. B. SANDIFORD AND J. W. WILSON 


re) 





o 


pe 


© DOMINGUEZ 
0 N.E. COALINGA 
6 PALOMA ; 


ACTIVITY, COUNTS PER SECOND 
nm 








°o 





2 3 4 
OIL SATURATION, ML. 


FIG. 3 — CORRELATION OF ACTIVITY IN NATURAL CORES WITH OjL 
SATURATION 


crease definition. The counter shield was clamped in the vise 
of a milling attachment to permit horizontal movement of the 
counter along the length of the core, which was held in a 
frame in front of the counter. The position was read to 0.01 
in. on an attached scale. Originally, the counter was moved b 
turning the screw by hand, but later was motor driven to per 


mit automatic counting 


CORRELATION BETWEEN ACTIVITY AND 
ATURATION 

lo check the definition obtained in this work, a Lucite cylin 
der two in. in diameter and with a hollow 
diameter by about four in. long was filled with kerosene la 
beled with iodine 13] and scanned in the usual manner. The 
results are shown in Fig. 2. Geometric consideration and 
experimental results show that the activity can be expected to 
decrease over a distance of travel of about five-eighths in. as 
the field of view of the counter moves past the ends of the 
cylinder. This region is shaded on the graph. Over the re 
mainder of the active region the profile is very flat 

To determine the applicability of iodobenzene as a trace: 
in natural cores containing clay, three samples representing 
widely varying clay types were selected.” Properties of these 


space one il in 


samples are listed in Table I. 


Table | — Properties of Natural Cores 
Pore 

Predominant Length Diameter Volume 

Field Clay Type in ml 

Kaolin, 

Montmorillinite 

Montmorillinite 

Kaolin 


Dominguez 


Paloma 
1.E. Coalinga 
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rhe cores were mounted in Lucite" and saturated with three 
per cent sodium chloride solution, They were clamped verti- 
side in front of the G-M tube carriage. with a 
one-quarter by one and one-half in. vertical slit in front of 
the counter tube so that in each case nearly an entire core was 


cally side by 


in view of the tube. The cores were then subjected to capillary 
desaturation employing iso-octane labeled with iodo™' benzene. 
The within each measured at intervals 
during the desaturation for comparison with the oil contents 
as measured by the volumes of brine expelled. The results are 


activities core were 


given in Fig. 3. The relation appears to be linear, and there 
is fair agreement among the different cores in spite of the 
varying compositions and pore volumes and the fact that no 
special effort was made to obtain exactly the same distances 
between cores and counter tube. It would be desirable to check 
a method permitting greater accuracy of volume 
readings and Tiratsoo, by measurements in brass 
cells of varying thicknesses, found a non-linear relation be 
tween oil volume and activity. and stated that this was attrib- 
utable to self-absorption. It is probable, however, that the 
non-linearity which they describe is principally the result of 
the distance effect (details are not given, but it appears that 
each farther from the counter). The 
distance effect does not apply in core. 
where. if the saturation is uniform radially, the average dis 
vary with 


linearity by 
Coomer 


increment of oil was 


measurements on a 


and the core does not 
because the 


tance between the counter 


saturation. There would be a slight non-linearity 
absorption by water differs from that by oil, and in the case 
of oil and gas the variation would probably be detectable 
(rough calculations indicate an error of not over two or three 
per cent). 

After desaturation the 
with brine and the activities measured. At a later date after 


cores were flooded to residual oil 


1/8" MONEL 


1/8" SARAN 














FIG. 4 — ZERO VOLUME DISPLACEMENT ‘'O” RING VALVE 
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FIG. 5— FLOW DIAGRAM OF CAPILLARY METHOD RELATIVE PERME 


ABILITY APPARATUS 


the activity had decayed to a safe value, the cores were sub 
ected to a vacuum distillation to determine the true residual 


oil contents (Table ID) 


It is apparent that there was no significant sorption of actiy 
It should be pointed out that these 
saturated 


ity by any of the cores. 


and were initially with 


likely 


ores were all water-wet 


water, Sorption might be more in dry or oil wet cores 


USE OF RADIOACTIVITY METHOD IN 
FLOW WORK 


method of saturation as de 


The 
scribed above was used to measure 
capillary and dynamic desaturation, to determine the mobility 


radioactivity medsuring 


saturation profiles during 
of oil and water in cores, and to compare the measurement of 
relative permeability by different methods. 


tis believed that the methods of relative permeability dete: 
mination in use can be classified as capillary and dynamic 
the principal distinction being the methed of bringing abeut 
saturation changes. The capillary pressure method” of relative 
permeability measurement has been described by many in the 
fact that the 


literature and is characterized mainly by the 


Residual Oil Saturation 


Nctiv ity 


Il — Correlation of 
With Saturation Indicated by 


Table 


1 Oil Saturation, nm 


( ivity Found by Distillati 


Dominguez 1 
N.E. Coalinga 
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saturation is changed by applying capillary pressure across 
the non-wetting phase ports and the wetting phase semi-perme- 
able 
phases are 
= detectable 


membranes. In the dynamic displacement method" the 


flowed simultaneously until no further saturation 


‘ hange 


DESCRIPTION OF FLOW APPARATUS 


It is essential in working with radioactive fluids to maintain 
a high degree of reliability in the fluid system. Glass stop- 
cocks and tubing were considered inadequate. Accordingly 
zero volume displacement “O” ring valves, one-eighth in. diam 
eter Saran tubing, and Lucite vessels were used. The Saran 
tubing was connected to the core, valves, and Lucite reservoirs 
by “O” ring fittings. Construction of the valves and fittings is 


shown in Fig. 4 


Capillary Pressure Method 

lhe apparatus described herein differs from the usual set-up 
mainly in the fact that the pressure is measured through taps 
on the at the Also, the 
liquids are forced through the core by mercury head pumps 
The closed liquid flow systems pre- 


side of the core rather than ends. 


rather than air pressure 
vent any change in the average core saturation during flow. 


Liquid flow rates were me isured by movement of an air bubble 
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Core Mounting 
Ihe Alundum and natural cores with end diaphragms and 
HG | pressure taps were mounted in Lucite. Pressure taps were 
ORE mounted only on the sides of the 


OIL FROM cores at a sufficient distance 
CORE from the ends to minimize flow distortion. In those positions 
OIL C ( where unimpeded flow into the core was desired a plate of 

ONL | high permeability Aloxite was placed against the core. To 

H make connections with the fluid lines, holes were drilled 
through the Lucite sheathing to the Aloxite plates against the 

core and backing the diaphragms. Fig. 8 illustrates a core 

mounted for a relative permeability study, comparing the 

FIG. 7 —~USE OF ZENITH PUMP AT LOW FLOW RATES dynamic and capillary methods in the ojl-water system. Water- 
wet diaphragms and open ports were provided at the ends of 

the core for flow and along the side for pressure measurement. 

Johns-Manville Snow Floss was the material usually used 


. for water-wet semi pe rmeable membranes. It is an unconsoli- 
ina precision bore tube. By means of the zero volume displa 


- dated diatomaceous earth having a particle size of 1-2 microns 
ment valves the bubble could be moved in either directi: aitcl 


re : An oil pressure of 30 psi was required to displace water from 
the tube by-passed. The capillary method apparatus for icuiani, P —— I 


vil-water system is shown in Fig. 5. A similar apparatus \ 
used for oil-gas runs. The oil system in these runs was 
same as shown in Fig. 5 except that a burette was added t 
measure the volume of oil desaturated from the core. The ga 
system was similar to that shown for the dynamic method 
Fig. 6. However, the gas was introduced to the gas saturate 
at a constant pressure, the capillary pressure. A manomet 
was also added to measure the pressure head across the enti: 
core. To start gas flow, the pressure at the outlet end of th 





core was reduced by lowering the mercury head on the ba 
pressure regulator 





Dynamic Displacement Method 





Referring again to Fig. 6, it will be seen that consta 








metering pumps were used in the dynamic flow experiment 
enith*® mode 2B gear pumps (0.297 ml/rev) were fou 
Zenith lel 1/2B g pumps (0.297 ml f 





satisfactory when used in an arrangement. as diagrammed 
Fig. 7. A viscous oil (about 2,500 ep at 75°F) was metered | 
the pump, and by means of the mercury leveling bulb t 
pump suction pressure was maintained approximately the same 
as the discharge pressure. In this way. slippage in the pun 
was practically eliminated, 


Pressure Measurement 


Pressures were measured through the side taps by mean 
of low volume displacement type gauges in both the dynamic 
ind capillary method runs. Two types of differential pressure SIDE DIAPHRAGM END DIAPHRAGM 
gauges were employed, an Aerojet** gauge with interchang: SECTION SECTION 
able diaphragms and a 0-20 psi Wiancko} gauge. Pressure 
drops as low as 0.12 psi were measured with suitable accuras LEGEND 
The volume displacement of the Aerojet gauge with a 0.005 ir 
diaphragm is 7 cu mm per psi applied pressure while the DYNAMIC WATER INLET 
Wiancko displaces 2.5 cu mm per psi. Both gauges operate DYNAMIC AND CAPILLARY OIL INLET 
on the principle of changing magnetic reluctance. Gauge CAPILLARY WATER INLET 
WATER PRESSURE TAPS 

OIL PRESSURE TAPS 

With the Wiancko gauge. it was possible to measure the 
ibsolute pressures in the core directly. With the Aerojet gauge CAPILLARY OIL OUTLET AND DYNAMIC 
‘ : silt 9 OIL AND WATER OUTLET 
G CAPILLARY WATER OUTLET 


puts were recorded on a Foxboro Dynalog Recorder used 
conjunction with simple bridge circuits 


it was necessary to match the core pressure with an applied 
pressure measured by a manometer 

cbc FIG. 8 — MOUNTED CORE FOR OIL-WATER RELATIVE PERMEABILITY 
Mtadena, Calif MEASUREMENTS BY CAPILLARY AND DYNAMIC METHODS 
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FIG. 9 — EFFECT OF THE DIRECTION OF SATURATION CHANGE ON 


RELATIVE PERMEABILITY, CORE A 


the material after it had been compressed by the mounting 
procedure. For No. 740 


percelain was treated with Dri-Film 


oil-wet diaphragm material Coors 


sections 


fitted 


Lucite 
could be 


number of 
were machined in that 
together to enclose the core and diaphragms. Snow Floss was 


In order to mount the core. a 


such a manner they 


pressed into the grooves in the partially assembled section- 


The 


prior to insertion of the core sections were then cemented 


Fable Hl 


Type 


Natural 


Natura 


\lundu 


\lur amu 
Alundus 


(, Natural 


on of pillary 5 


*Residual water after applic: ile 
‘ Flos ( Oil-Wet ¢ 


**OH Open Hole, SF Snow 
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subjected to external pressure and 


together and t assembly 
heat ting was completed by drilling and tapping 


connections 


EXPERIMENTAL PROCEDURES 


ores were cut to the lable Il 


cleaned in a Soxhlet extractor first 


The « dimensions given in 


lhe 


with toluene 


natural cores were 
and then with dioxane and dried at 220°F for 
The 


constant 


about three hours Alundum cores were extracted in the 


boiling hydrochloric acid, suc 


methanol, toluene, and dioxane, 


determined by 


same manner witl 
cessively extracted with water 
220°F. Pore 


cores saturated with kerosene. The kerosene was 


and dried at volumes were then 
weighing the 
removed by another extraction with toluene and dioxane, fol 
lowed by the usual Following this. the 
mounted as described above with diaphragms as indicated in 
Fable Il. Air permeabilities corrected for Klinkenberg effect 
next determined. Cores A, B, and C were saturated with 
formation water and D, E, F 
chloride solution. Brine 
table. Cores A. B. 
ipillary pressure method using a close-cut 
B.P. 420-500°F 


similarly 


drying cores were 


were 
and G 


ippropriate synthetic 
with three 


ibilities are 


per cent sodium perme 


indicated in the and C were 
desaturated by the 
redistilled ker 
FE, F. and G 
he 


Viscosity 2.15 cp? Core . 


but 


o-sene 


desaturated with ise-octane 


were 
maximun pressure employed was 15 psi 


lies o ore A 


he nzene 


the kerosene used for desaturation 
The five 


ind from the values determined 


In the stuc 


was tagged with activities at points 


were measured 


along the core 


it interstitial vs saturation cali 


water saturation the activity 


tablished on the 
assumed that the core saturation was uni 


bration was es basis of a linear relation as 


found above It was 


water: a better basis of calibration would 


when the core was 100 per cent satu 


form at itial 


' tal 
isu! t - taken 


labeled fluid. Capillary pressure was increased 


rated witl 


in increments and-oil and water effective permeabilities wert 


ittaining equilibrium following each step 


easured at the five points along the core to 
After the minimun 


measured attet 
Activities 


check uniformity 
brine saturation had been attained. the capillary pressure was 


were 


ind determine saturation. 


Summary of Core Properties 


2-0H 
1-Sk 


1-OH 


LSI 
1-OH 

1-OOWe 
14H] 


1-OH 


1S] 


1-Oll 


Be) | 


LOH 


1-SI 
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reduced to nearly zero, and the core permitted to imbibe bring 
During the imbibition process relative permeability measure 
ments were taken at only one saturation because the imbibitio 
Therefore. the flooded wit 
brine to residual oil saturation, and another series of capillary 


was extremely slow. core was 
method relative permeability measurements made durin 

second desaturation. Following this. the kerosene was flushe 
out with inactive kerosene since the activity had decayed to 
low value. The core was transferred to the dynamic displac¢ 
ment method apparatus, and new labeled kerosene flowed unt 
the inactive keronsene had been replaced. Oil was then flowe: 
at 16.8 ml/hr and brine at 0.23 ml/hr. This resulted in as 
nerease in brine saturation from 35 per cent to 43 per cent 
rhe brine to oil flow rate 
to give additional points on the relative permeability curve 
and finally only brine was flowed. With brine flow maintaine 


at a high rate, oil flow was commenced at a low rate, a! 


ratio was then increased in step 


finally the oil to brine rate ratio was progressively increase 
to give relative permeability curves in the direction of increa 
ing oil saturation. 


Core B was treated in a similar manner. 


\ third core, C, was used for studying relative permeabilit 
of oil and gas in the presence of a constant amount of inter 
stitial water. With state 


desaturation was commenced using nitrogen, and the capillar 


the core in the restored conditior 


increased in with relative permeabilit 
taken 
was attained. During this process, 
four positions along the core. Unfortunately, because of « 


was steps. 
at each point after equilibriu: 


activity was measured at 


pressure 


measurements being 


diaphragm failure. only two oil relative permeability value 
could be obtained. After measurements at a capillary pr 

sure of 4.5 psi, the nitrogen pressure was decreased to z 

oil was flowed through the core, and essentially all gas wa 
removed by alternately increasing and decreasing the absolut: 
pressure on the system. Dynamic studies were then begun b 
continuing oil flow at a high rate and starting gas flow at 

low rate. Fine adjustment was obtained by means of a ga 
flow regulator." After equilibrium was attained and pressure 
and gas flow rate measurements were taken, the oil rate wa 
reduced, which resulted in an increase in gas rate and a ce 
crease in oil saturation. The time required to come to equilib 
rium after changing from hour 
Finally. gas only was flowed at an increased rate (242 ml ‘hr 
and after equilibrium was attained, the oil flow rate was 


creased in increments, and relative permeability data wer 


rates varied one to. five 


taken in the direction of increasing oil saturation. 

In order to evaluate brine mobility, Alundum cores D at 
E. in which radioactive cesium was employed as a brine phase 
tracer, flooded minimum oil, ane 


then were swept with inactive brine. 


| 


were with active brine to 


Alundum core F and natural core G were employed in oil 
gas (in the presence of interstitial water) dynamic flow studi 
similar to those described for Core C. Oil-phase mobility ol 


servations are reported herein. 


RESULTS AND DISCUSSION 


Saturation History 


It has been recognized that the nature and sequence 
changes in fluid saturation in porous media play an importan 
part in fluid flow behavior, and these changes, which have 
conveniently been described by previous workers” as satura 


tion history, should be considered when planning studies 
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ich phenomena. In such work it is desirable to duplicate as 
as possible the reservoir saturation conditions before 
fluid 


ments designed to 


nearly 


flow studies. In relative permeability experi- 


simulate conditions attending oil produc 


initiating 


brought to the restored 
history permits the 
distribution of gas, oil of the proper 
izes, The distribution of the fluids within the pores appears 

affect directly the relative permeability results, the pres- 
sure differences mobility of the 
fluids, the time necessary to reach equilibrium, and the quan- 
tity of oil which will remain in the residual state. To illustrate 
ome of these effects, typical data are presented from relative 
permeability studies in which the radioactivity technique was 
mployed to check saturation uniformity. These data rule out 
hysteresis effects could be attributed 


tion, the saturation should be 


state 


core 


condition The correct: saturation 


and water in pores 


between the phases. the 


the possibility that the 
ol ly to non unil rmity in saturation, 
Phe effects of the direction of the saturation change upon the 


lynamiec displacement relative permeability curves obtained 
ind C are shown in Fig. 9 and 10. There 
the oil relative permeabilities taken in 


there is a 


n studies of cores A 
s little 


the two directions 


difference in 
in this example (Fig. 9). but 
pronounced difference in the case of water. These results ap- 
in agreement with those of Geffen, Owens, Parrish 

Water is 
held 


pear to be 
ind Morse 


causes it to be 


normally the wetting phase, which fact 


tightly by the reservoir sands. It 
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FIG. 10 — EFFECT OF THE DIRECTION OF SATURATION CHANGE ON 
RELATIVE PERMEABILITY, CORE C 
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FIG. 11—OlL SATURATION DISTRIBUTION FIG. 12—Oi%L 
DURING DYNAMIC TWO-PHASE FLOW OF OIL 


AND WATER IN CORE B 


was observed in water-wet sands that it was not possible afte: 


i certain saturation was reached by flowing oil and water at 


i given set of rates to duplicate the results by flowing at the 
sume rates but in an opposite direction of saturation change. 


For example, in Fig. 9, a given set of oil and water rates 


resulted in a water saturation of 52.5 per cent during the 


direction of saturation change which represented oil produc 
tion. The same oil and water rates resulted in a water satura 


tion of 58.5 per cent when changing saturation in the opposite 


direction 
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FIG. 14— DYNAMIC CAPILLARY PRESSURE CURVES 
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FLOW OF 


From Fig een that the effect of the direction 


of saturation ch during gas and oil flow at interstitial 


water is quite pronounced The relative permeability curve 


for gas during gas desaturation sharply approac hes zero, prob 
ably because the gas phase becomes discontinuous. 


From these observations the importance of changing the 


j 


saturation in the proper direction according to reservoir con 


ditions can be readil iated 


Saturation Distribution — Dynamic 


In order to 1 irately effective permeabilities dur 


is necessary to attain unttormity 


tion of the 


ng multiphase 
core s imple 


distribution 


oft saturation t smighout tl test <¢ 
It has 


would not be 


been widel rel t t the saturation 


dyvnamit two-phase flow of oil 


ind water because of end effects. These effects may be very 


proneunced dul pri desaturation. but as pointed out by 


Caudle. Slobod when oil is displaced by 


method The 


stu lies on core B are 


wnscombe, 
water the d effect is small in the dynamic 
results of saturation distribution flow 
greatest variation in saturation 


this 


shown in Figs. | d | The 
and 


hetween the two ressure taps was four per cent, 


lual oil 


ion at or 


variation occurred probably more difficult 
to residual oil 


ults 


to attain uniformit I ~ ra close 


continuity. The re 


because 


how that accumulation of water at 


n predicted from 
at the 


1 that brine desaturation was started 


mig! ive be 


emerging same outlet 


were 


pressul 


experience the end 
started 


trom slau oil | ? ind im our 
effect is not as pronounced as when desaturation ts 
from 100 pet ne. After completing the saturation cycle 
from maximum oil to residual oil and back to maximum oil 
during two of oil and water. two-phase flow of oil 
and g it « I terstitial water was studied from maxi- 

vil he saturation distributions during 


resented in Fig. 13. The greatest varia 
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ys Fi and water flow studies re ported herein, pressures and pressure 
7 Ya drops were measured in each phase separately by means of 
water-wet diaphragms and open holes. If the saturation dis- 

were completely uniform throughout the core, the 


INTERSTITIAL WATER tribution : | 
F drops in each phase should be identical. In all of 





pressure 
the oil and water flow studies in which the pressure drops 
were measured separately in each phase only a slight variation 
in the measured readings was obtained at any steady state of 


flow. Core C was mounted with oil-wet side diaphragms and 
open holes as pressure taps to permit the measurement of 
pressure drops in the gas and oil phases separately. Again 
only a slight difference was found in the measured readings in 
the two flowing phases which could be attributed to some 
variation in the saturation distribution. End effects are less 
flow systems than might be expected 


% 
o 
°o 


important in dynami 
from static capillary 


pressure curves because the pressure 
differences between the flowing phases are small. In Fig. 14. 





dynamic capillary pressure curves for cores B and C are 
shown. In the first core the pressure difference between oil and 
water was determined during the saturation change from max- 
and in this example the oil is, in 





imum oil to residual oil 
effect. the wetting phase since it exists at 
than the water. This phenomenon may be related to hysteresis 


of the contact angle. and does not necessarily mean that the 


| 
POSITION OF core material has changed in wettability properties. For core 
PRESSURE TAPS C, Fig. 14, the pressure difference between gas and oil at 


ilso determined in the direction of oil 


a lower pressure 


OIL SATURATION, 
BY 
oO 





~ 
°o 


interstitial water was 








production. In this example the gas as expected performed 





r@) 05 1.0 15 as the non-wetting phase and existed at a slightly higher pres 


DISTANCE FROM CORE INLET, INCHES “""" than did the oil phase. The data support the conclusion 
that it is possible to attain uniformity of saturation during 


dynamie multiphase flow studies when the determinations are 
FIG. 15— SATURATION PROFILES DURING CAPILLARY DESATURATION 
i test section in the center of the core. 


WITH GAS OF CORE C 


m ide across 


tion in saturation in the test section during oil and gas flow 
was three per cent. which may have resulted fron 

slight accumulation of water at the outlet end of the core 
Thus it can be seen that it is possible to attain fairly uniform 


saturation distributions during dynamic flow studies. 


Saturation Distribution — Capillary 


Measurement of the saturation profile was advantageous in 





the capillary method in determining when the cores had come 
Any variation in the saturation distribution directly affects to capillary equilibrium. The saturation profiles were found 
to be quite uniform during desaturation, 


In most of the o 0 as was previously 


the pressure drops in the flowing phases. 
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PORE VOLUMES 
! 


z 
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STANDING 


CORE ACTIVITY, % 
a. 
°o 
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FIG. 19 — DECREASE IN 
INACTIVE BRINE 


ACTIVITY ON FLUSHING OF CORE D WITH 


hown by Morgan. MeDowell and Doty’ 
tem. Repeated desaturations of flooded cores starting from 


for the oil-water sys- 


residual oil resulted in uniform profiles. In Fig. 15 data are 
showing that saturation uniformity is 
desaturation of oil 


presented for core C 


also readily achieved during capillary 


with gas. 


Imbibition of water by cores which had been placed in the 
restored state was found in many cases to be exceedingly slow. 
In addition, the brine saturation was usually highest in the 
region near the core entrance. It is conceivable that if suff 
cient time were allowed, however, uniform saturation profiles 
might be obtained. It was concluded that because of the exces 
sive time required, use of the capillary method is generally not 
practical for the oil-water system in the direction of increasing 
water saturations, although oil-water data need to be taken 
in that direction to reproduce reservoir conditions. It appears 
that data taken during a first desaturation from 100 per cent 
brine to interstitial water would not be pertinent. 


Comparison Between the Dynamic and 
Capillary Methods 


Osoba, Kerver. Hafford and Blair” 


comprehensive comparison of methods of relative permeability 


Richardson, made a 


and found general However, it 
seemed desirable to supplement their work with a few experi- 
which 
checked in the course of the measurements. 
made to keep the 


variable 


determination agreement. 


and saturation uniformity were 


An attempt was 


ments in saturation 


method of saturation change the only 


Figs. 16, 17 and 18 show relative permeability curves ob 
(A. B, and C) by both the 
In each case the capillary 


tained on each of three cores 

dynamic and capillary methods. 
method curves were obtained first, reducing the core to the 
restored state condition as the final step. Dynamic method 
curves were then obtained by introducing both phases to the 
inlet Aloxite distribution plate. Typical saturation profiles 
observed in this study have already been presented (Figs. 11, 
12. 13 and 15). Oil-water relative permeability data are shown 
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16 for the direction of increasing oil saturation only. 


The capillary method was impractical in this case for measur 


in Fig. 


ing permeabilities in the direction of increasing brine, because 
imbibition did not occur at an acceptable rate. Therefore. it 
was water flooded to residual oil, and capillary method data 
taken desaturation. It 
appropriate to data with data taken by the 
dynamic method during a similar cycle. Results of the dynamic 


were during a second brine seemed 


compare these 
method studies for both directions of saturation changes have 
already been given (Fig. 9). It was noted that during dynamic 
displacement in the direction of increasing water saturation, 
the pressure in the water-phase exceeded that in the oil-phase. 
The fact that relative permeability curves can be measured 


rapidly by the dynamic method but not by the capillary 
method in the direction of increasing water saturation can be 
explained by these pressure differences. In other words, the 
saturation change is forced when the dynamic method is used. 

Comparisons made with a short core (core B) are presented 
in Fig. 17. Data 
change; however, only one point was obtained by the capillary 


brine saturation. The 


are shown for both directions of saturation 


method in the direction of increasing 
effective brine permeabilities of this core were too low to per 
mit any valid comparison 

Oil and gas 


and capillary 


relative permeability data determined by the 


dynami methods (core C) are compared in 
Fig. 18. 

Data obtained by the two methods are in substantial agree 
ment. Because of a diaphragm failure on core C it was not 
possible to obtain, by the capillary method, as many points on 
the oil curve as would have been desired: a comparison of the 
data obtained by these two methods is of particular interest 
since it represents the only discrepancy for different methods 


reported by Osoba. Richardson, Kerver Hafford and Blair 


Mobility of Brine 


Muskat 


mobility of interstitial water, but it 


Morgan and reported experiments indi- 


cating a high degree of 
was pointed out that diffusion might have played a part. Data 


Russell, 
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FIG. 21 — REPLACEMENT OF OIL BY FRESH OIL IN RESTORED STATE 
CORES F AND G. 


on an Alundum core (core D) are presented in Fig. 19 con 
firming these results and indicating that diffusion played no 
significant part. In these tests core D. containing radioactive 
cesium in the brine phase was flooded with inactive brine 
The decrease in activity at four key positions symmetrically 
placed along the core is shown. After flow of less than thre: 
pore volumes the activity was less than one per cent of the 
100 per cent brine saturation value. After 68 minutes of flow 
the core was allowed to stand 65 hours. On resumption of flow 
the activity-time curves continued without break. Diffusion 
would proceed during standing as well as during flow, and had 
any appreciable diffusion taken place resumption of flow 
should have caused a sudden drop in activity. 


In the mobility test on Alundum core E, difficulty was en 
countered in flushing out the cesium 134. Even after 30 pore 
volumes of inactive brine had been flowed, the activity of the 
core remained 32 per cent of the original value, varying from 
22 per cent at the inlet to 42 per cent at the outlet. This core 
had Snow Floss diaphragms at both ends; however, flushing 
through the open holes was also ineffective. Accordingly, a 
supplementary test was conducted in which a three per cent 
sodium chloride solution containing a tracer amount of cesium 
chloride was flowed through two Snow Floss diaphragms which 
were mounted in Lucite with an Aloxite disk between them 
The brine which flowed out of the Snow Floss diaphragms 
passed through a counting cell, and the radioactivities of 
various portions were determined until the activity of the out 
going brine equaled the activity of the original brine solution 
These results are plotted in Fig. 20. and they show that the 
radioactivity of the outgoing brine solution continued to in 
crease until about 17 pore volumes had been flowed through 
the diaphragms. This study definitely demonstrates that Snow 
Floss diaphragms do not allow passage of cesium ions until a 
certain quantity has been sorbed in the Snow Floss. Distilled 
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water was then flowed in the opposite direction through the 
diaphragms until the radioactivity of the effluent was zero. 
It was necessary to flow about 30 pore volumes before reaching 
and even then the activity of the mounted dia- 
Investigators should be alert 
to the possibility that sorption of ions in diaphragms might 
complicate flow studies in coyes in which diaphragms are 


zero activity, 
phragms remained quite high 


incorporated as part of the system. 


Mobility of the Oil Phase 


In some of the experiments reported herein, cores in the 
restored state were saturated with labeled oil by flowing the 
oil until it had completely replaced the unlabeled oil. The 
quantities of fresh oil necessary to remove the oil in place in 
an Alundum core (F) and in a natural core (G) are shown 
in Fig. 21. The difference in the required volumes of fresh 
oil in the two cores is probably directly related to the size 
distribution of the pores occupied by oil. The experimental 
results show that it takes about twice as much fresh oil to 
remove the oil in place in core G as compared to that for 
core F at maximum oil saturations. The effect of pore size dis- 
tribution on the efficiency of replacement of oil can be more 


clearly noted in Fig. 22 


In this example the oil saturation of 
core G was reduced to residual oil by flowing gas. It may be 
that at this saturation the size distribution of the 
pores occupied by oil was probably much narrower than in 
the previous example at maximum oil and interstitial water 
saturation because the gas had displaced the oil from the 


inferred 


larger pores. Fig. 22 shows that it was possible to remove all 
of the oil in place by about one-twentieth as 
large a volume of oil as required at maximum oil. The mech- 


flowing only 
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FIG. 22 — REPLACEMENT OF OJL BY FRESH OIL IN CORE G AT TWO 
SATURATIONS. 
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unism of displacement of fluids in very important 
and deserves careful consideration in flow studies. The results 
obtained indicate that all of the oil in an oil sand is mobile, 


but that the degree of mobility depends on the size distribution 


pores is 


of the pores occupied by oil, which in turn is dependent on 


the previous history 


CONCLUSIONS 


1. An improved method of determining core saturation by 
means of radioactivity has been developed. 


2. lode™ benzene was demonstrated to be a suitable oil phase 
tracer. 

3. That the radioactive tracer method is well adapted to the 
study of the mobility of the fluid phases has been established 
Oil phase mobility has been found to vary greatly. This is 
believed to depend on the size distribution of pores occupied 
by the oil. 


t. The dynamic displacement method, as employed in this 
work, has been shown to be a suitable method of relative pet 
saturation and uni 


meability determination. uniform 


form pressure drops in the separate phases. The dynamic dis 


giving 


placement method is to be preferred over the capillary method 
for the oil-water system since uniform profiles can be more 
easily attained as the water saturation is increased from the 
restored state condition. The greater rapidity and simplicity 


of the method are attractive. 
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APPENDIX A 


Preparation of Iodo'''benzene 


Benzenediazonium chloride solution was prepared accord 


ing to the procedure of Lucas and Kennedy” in a 200 ml three- 
50 of all given quantities. One hundred 


stored at O°F for use as 


necked flask using | 


ml of selution was obtained and 
needed 

The sodium iodide was received from Oak Ridge in a con- 
centration of about 20 millicuries/ml. A quantity of 25 or 50 


The 


ited weight was less than one-millionth of 


millicuries was generally employed iodine was carrier 


free and the calcul 
a gram; about 30 mg of solid potassium iodide was added as 
carrier. A volume of concentrated hydrochloric acid equal to 
of active solution was added, the reac 
bottle received. One ml of the 
solution added, the 


tand overnight. The diazo solution 


one-fourth the volume 
tion being carried out in the 


chloride mixture 


benzenediazonium was 


agitated gently, and let 
was ke pt cold. but it was found unnecessary to cool the iodide 
when the volume was less than two ml 


solution, at least not 


The iodobenzene was extracted with the oil to be labeled 
It does not dissolve as readily as might be expected. The con 
small shipping bottle were rinsed into an eight 
5-ml portions of oil 5-ml_ por- 


then the large bottle was rolled for one 


tents of the 


bottle th four and one 
and 
hour. The water layer was separated, and free iodine removed 


oil solution with 10 ml of five per cent sodium 


tion of water 
by wash ng the 
bisulfite solution 
rhe sulfite solution was drawn off and the oil 
Nearly always over 90 per cent 


agitating until all purple color was removed 
from the oil 
diluted to the 
of the activity received was found to be in the oil phase. ® * * 
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ENGINEERING STUDY OF THE COOK RANCH FIELD, 
SHACKELFORD COUNTY, TEXAS 


WALLACE W. WILSON, CONTINENTAL OIL CO., PONCA CITY 


ABSTRACT 


The Cook Ranch Field produces from 
a very permeable lens of Cook Sand of 
lower Permian or upper Pennsylvanian 
age, occurring at an average depth of 
1.300 ft. The field was discovered in 
1926, and has been operated with low 
pressure gas injection since July, 1927. 
one of the first such projects in Texas. 
Cumulative recovery to Dec. 31. 1950. 
was 14,701.13] bbl of crude oil, an 
average of 1.013 bbl per acre-ft of oil 
section, and 72.5 per cent of the oil 
originally in place. Analysis of the res- 
ervoir performance indicates that grav 
ity drainage has been an important fac 
tor in the producing mechanism. The 
high permeability and uniformity of 
the reservoir were extremely favorable 
for this type of operation. 


INTRODUCTION 


The Cook Ranch Field is the largest 
of a number of relatively small. shal- 
low producing areas near Albany, in 
Shackelford County. Texas. This field 
is one of the first to be operated by gas 
injection in Texas, and probably is the 
most successful low pressure gas in- 
jection 


project ever attempted. The 


field is owned entirely by Roeser and 


References 
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f paper 
Petroleum Branct 
presented at the 
etings in Oklahoma 
and in Los Angeles 


Pendleton, Inc ind Continental Oil 
Co.. and has been operated by Roeser 
and Pendleton. In since it was dis 
covered. This study is hee n made pos 
sible through the cooperation of Roeser 
and Pendleton, bl in making avail 
able a remarkably complete set of re 
ords covering all phases of their oper 


of this paper is to 


ations. The purpose 


present a sun iry of the history of 
the operations throug De +] 1950 
and to analyze some of the factors 
which appear to be responsible for the 
success of the project Information con 
cerning the phy sical pl int and the early 
gas injection history has been pre 


sented in an eat paper 


RESERVOIR 
CHARACTERISTICS 


Production in the Cook Ranch Field 
is from a large lens of Cook Sand. of 
lower Permian or upper Pennsylvanian 
ge. occurril iverage depth of 


ag 


1.300 ft. The average dip of the sand 


body, as show: Is 4 ibout 
50 ft per mile to the northwest. The 
reservoir has an area of 950 acres and 
contains 15.512 acre-it of sand, consist 
ing of about | > acre-ft of produc 
tive oil zone, and an estimated 1.000 
acre-ft of primary gas-cap. The iso 
pachous map g. 2) was prepared 


from drillers’ logs. Recent coring in the 
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field has proven these logs to be quite 
wcurate. The productive limits of the 
field are defined by shale on all sides 
but the southwest where a small zone 
of edgewater was encountered. This 
water does not appear to have en- 
croached into the reservoir, and water 
production has been small. A smaller 
producing area to the south of the Cook 
Ranch Field also produces from the 
Cook Sand, but is separated from the 
reservoir under consideration by a band 
of shale 


The sand consists of well sorted, 
coarse grained, rounded and subangu- 
lar quartz fragments, very poorly ce 
mented, The analysis of 46 chip-core 
samples from two recently completed 
test wells indicates a range of porosity 
ilues between 12.5 and 28.2 per cent. 
with an arithmetic average of 24.0 per 
cent. Air permeability values range be- 
tween 50 and 2.300 md, with an arith- 
metic average of 1,200 md. The reser- 
voir where cored is a solid sand body. 
with no discernible major shale breaks 
or impermeable streaks. Vertical per- 
neability appears to be of the same 
magnitude as the horizontal permeabil 
t A core of the Cook Sand was cut 
n the smaller field to the south, using 
ubricating cil as drilling fluid: The 
connate water content of the sand in 
this core was found to average about 
len per cent, and the porosity and per 
meability were comparable with the 


ilues reported above 


No analysis was made of subsurface 


samples. 
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73.264 bbl production of 1,000 B/D of 39° API 
oil, after penetrating only one ft of the 

Cook Sand. The development of the 

field was rapid, and by the end of 1929, 

HISTORY OF DEVELOPMENT 213 wells had been completed. The peak 
oil production was reached in Decem- 

discovered Feb. 19 ber, 1926, when the total monthly oil 
completion of — the production was 264,785 bbl from 112 
Che original formation volume factor is Roeser and Pendleton, Inc.-Marland Oil wells. A natural gasoline plant of the 
assumed to have been about 1.20, and Co. W. I. Cook “A” No. 1, in Section absorption type was installed and 
now is approximately 1.05. The initial 85. This well was completed at a total placed in operation in September, 1926. 
stock-tank oil content of the reservoir is depth of 1,242 ft for an initial flowing to serve the Cook Ranch Field and sey 


and no bottom-hole pressure measure- calculated to have been 20,2 
ments were made. The original API or 1,397 bbl per acre-ft 
gravity of the produced oil averaged 
ibout 39°, and currently is about 37 
rhe early production records suggest a 
solution GOR of about 400 cu ft per 
bbl. The cumulative net produced GOR The field was 
on Dee. 31, 1950, was 396 cu ft per bbl. 1926. with the 
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After suc 
portable 


eral smaller nearby fields. 
cessful experiments with a 
compressor, facilities were installed in 
the gasoline plant for compressing frac- 
tionator vapors and residue gas at pres- 
sures up to 400 psi, and gas injection 
was started July 15, 1927. 

The operators realised the impor- 
tance to the success of the project of 
maintaining a complete set of records 
on all phases of the operation, and set 
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up special gauging ind metering tac ili 
ties for this purpose. As originally de 
veloped, the field was divided into 12 
tank battery areas, numbered according 
to lease ownership and location. Each 
battery area was provided with equip- 
ment to measure continuously the pro 
duced gas and oil from the area. A 
small test tank and trap also were in 
stalled in each area to enable frequent 


periodic tests to be made of each well 


T.P. 3285 


\ system of well test files and produc- 
tion graphs was set up in order to use 
the information in observing the reser- 
voir performance.’ Several of the bat- 
teries have been combined from time 
to time for economical operation; eight 
batteries were in operation on Dec. 31, 
1950. 

he unit type of operation of the field 
has permitted more flexible operating 
than could be 


conditions otherwise 
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a hieved. Phe operator the re by was en 
ibled to inject gas at the most advan- 
tageous locations, and to effect a sub 
stantial control of preducing gas ‘oil 
ratios by shutting in wells where de 
sired. The number and location of gas 
injection wells have changed from time 
to time, as dictated by well performance 
and gas supply. A total of 56 wells have 
been used for injection, not over 29 of 
whic h were operated simultaneously 
Cumulative injection volumes for indi 
vidual wells range from one million to 
1.4 billion cu ft of gas. Wellhead injec- 
tion pressures are not available; pres 
sures at the plant have been maintained 


at between 250 and 375 psi 


RESERVOIR PERFORMANCE 


lable I is a summary of the produc 
tion and gas injection statistics through 
Dee. 31, 1950. The cumulative oil pro 
duction is 14.701.131 bbl, an average of 
15.475 bbl per acre or 1.013 bbl pet 
acre-ft of productive oil section. A total 
of 46.558.446 gal of natural gasoline 
has been recovered from the produced 
gas, making a total liquid product re 
covery of 15.809.665 bbl. The cumula 
tive volume of injected gas is 27,481 
295 Mef. averaging 1.772 Mef per acre 


ft of gross sand 


The performance of the entire reser 
voir is shown graphically in Fig. 3 
With unrestricted 
rapid development program under way 
the oil production rapidly 
during 1926 to a peak of nearly 265.000 
bbl for December of that vear. In the 
unsettled market 
conditions prevailed which necessitated 


production and a 


ine reased 


early part of 1927, 


a short period of voluntary preration 
between Mav and November, 1927. No 
wells were completed during that time 
iltthough a number of wells were drilled 
tllowed 

latter 


to the top of the sand and were 
to remain uncompleted until the 


Fable I 


ENGINEERING STUDY OF THE COOK RANCH FIELD, SHACKELFORD COUNTY, TEXAS 


Se | 


FIG. 3 — RESERVOIR PERFORMANCE, COOK RANCH FIELD 


part of 1928. The rapid de 
most of 1927 evidently was no 
to proration however. as a 
evidenced before — proration 

Gas /oil ratios exceeded 5,000 « 

bbl during the latter half of 192 
Battery 85B (Fig. 11) and Battery 85 
N (Fig. 10). Gas injection was 

July 15, 1927. During the 

1927 and throughout 1928 

average of less than half 

duced gas was iniected 

wells were completed 

these factors. the oil 


ceeded 157.000 bbl 


Summary of Operations to December 
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ifter which a high decline rate again 
vas established. A second period of 
proration began Jan. 23, 1930. and 
continued through 1931. It is difficult 

estimate the effect of the injected 
gas on the oil production rate during 
1928 and 1929, but it is significant that 
he shapes of the oil preduction and 


njected gas curves are very similar. It 
eems probable that the injection of 
only a relatively small volume of gas 
o the early productive life of this 

ghly permeable reservoir stimulated 
the production rate substantially 


Throughout 1930 and 1931. the volume 


SI. 1950 
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FIG. 4 — RESERVOIR PERFORMANCE, BATTERY 60A-N AND 61A-W 


tf as injected dec reased a= successive 
cuts were made in the allowable pro- 
duction, but a higher percentage of the 
produced gas was being returned to the 
reservoir. The shapes of the oil produc- 
tion and injected gas curves are re 
markably similar during this period. 
Following the complete shutdown dur- 
ing July and August. 1931, gas injec- 
tion again was started, and the oil pro 
duction rate was increased after prora- 
tion was terminated in January. 1932. 
During the latter part of 1932. the sup- 
ply of residue gas available for injec 
tion decreased rapidly. and the oil 
production rate declined at about the 
same rate. In November, 1933. arrange 
ments were made to purchase dry gas 
from another area. and the injection 
rate was stepped up greatly. The simi 
larity between the oil production and 
injection rate was decreased, and the 
is striking. and it is believed that sub- 
stantially all of the oil production after 
this date is attributable to the gas injec- 


tion operations. Following this date the 


volume of gas injected has been main 
tained approximately equal to the vol- 
ume produced. 

It is interesting to note that the pro 
duced GOR increased gradually during 
the first half of 1927 as the oil produc 
tion declined rapidly, which would be 
expected of solution gas-drive deple 
tions. Following the injection of gas. 
however. the produced GOR declined 
and remained at about 1.000 cu ft pet 
bbl until 1930 and 1931. when the gas 
injection rate was decreased. and the 
GOR increased to about 2.000. This 
cycle was repeated between 1932 and 
1933. when gas injection was curtailed 
because of a diminishing gas supply. In 
the early part of 1936. however. the 
produc ed GOR started to increase again 
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and the upward trend has been con 
sistent since that time 

The preduced gas enrichment curve 
shows the characteristic seasonal vari 
ations through 1935, but the average en 
richment declined perceptibly during 
1936 and continued to decrease steadily 
to about 0.5 GPM in 1950, as increas- 
ingly large quantities of dry gas were 
cycled through the reservoir 

Battery 60A-N and 61A-W is. the 
largest of the eight producing areas in 
the field. and was formed by combining 
two batteries in 1935. The southern half 
of the area was 
1926 and early in 1928: the northern 
half was developed in the latter part 
of 1928 and during 1929. The difference 
in the magnitude of flush production 


de veloped largely in 


of each area is readily apparent in Fig 
1. The average initial potential of wells 
in the southern half was 387 B/D: in 
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the northern half the average initial 
potential was 94 B/D, which may indi- 
cate poorer sand conditions or signifi- 
cant drainage from that area before it 
was drilled. The oil production curve 
shown closely parallels the injected gas 
curve, especially from 1930 on. No ex- 
planation is suggested for the increase 
in oil production and the corresponding 
decrease in GOR in 1948 and 1949, 

Battery 60C-N (Fig. 5) is located 
structurally in the highest part of the 
field, and the reservoir in this area con- 
tained a primary gas-cap which appears 
to have eccupied about half of the res- 
ervoir volume served by this battery. 
The initial potentials of the wells in 
this area were generally lower than in 
the offsetting batteries. and the gas /oil 
ratios were higher. Nine of the wells. 
drilled in September and October, 1928, 
were shut in before the end of the year 
because of low oil production and 
gas ‘oil ratios in excess of 3,000 cu 
ft per bbl. The cumulative oil recovery 
from this battery to December 31, 1950. 
was only 6.498 bbl per acre. This low 
recovery is largely attributable to the 
presence of only a thin oil section in 
this battery, but also may have been 
partially the result of drainage before 
the area was drilled. 


sattery 60-61-84B was formed by the 
successive combination of three of the 
original batteries during 1929 and 1950. 
The performance curves of this area 
(Fig. 6 
those of the entire field shown in Fig. 3. 
The GOR of this battery also was af- 


are similar in most respects to 


fected favorably by the gas injection 
prior to the time of major gas break- 
through in 1936. After 1936, however, 
the GOR increased rapidly to the cur 
rent average of about 30.000 cu ft per 


eae ieee 
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FIG. 5 — RESERVOIR PERFORMANCE, BATTERY 60C-N 
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bbl, the highest values for any battery 
in the field. The portion of this battery 
lying in Section 60 has produced over 
60 per cent of the total oil recovered, 
and contains about 40 per cent of the 
total area of the battery. 

Battery 61A-N (Fig. 7) was devel- 
oped during the latter part of 1935, 
nine vears after the field was discov 
ered. This 107.2-acre area has produced 
1.474.376 bbl of oil, which indicates 
that substantial drainage from the area 
did not occur. Two former gas injection 
wells, located near the southern edge of 
this battery, were in operation early in 
1930. A cumulative volume of over 260 
000 Mef of gas was injected through 
those wells between 1930 and the time 
development started in 1935, which 
probably minimized the drainage from 
the Battery 61A-N area. Some of the 
first wells completed in this area pro 
duced initially at very low gas/oil ra 
tios, in the order of 50 cu ft per bbl, 
but the initial produced GOR of the 
entire area was not much lower than 
the other batteries which were devel 
oped in 1926 and 1927. Gas injection 
was started in the battery in 1936, and 
the oil production rate after the middle 
of 1936 appears to have been affected 
materially by the injection operations 

The production histories of Batteries 
61A-E (Fig. 8) and 84A&C (Fig. 9) 
illustrate the effect of reducing the gas 
injection rate after substantial gas 
breakthrough has occurred. The injec 
tion rates in both areas were reduced 
when the produced GOR reached about 
10,000 cu ft per bbl, with little. if any 
apparent effect on the oil production 
rate. In Battery 61A-E, the average in 
jection rate was reduced only about 
one-third, with little effect on the GOR 
trend. In Battery 84A&C, the injection 
rate was reduced by about two-thirds, 
which resulted in a substantial immedi 
ate reduction in GOR followed by a 
more gradual rate of increase during 
the last ten years of operation 

Battery 85A-N (Fig. 10) is the area 
in which the discovery well of the field 
is located. This battery was one of the 
first to be developed, and the peak oil 
production of 63,712 bbl during June 
1926, was followed by a rapid decline 
The produced GOR increased rapidly 
in July and August, 1927, to a peak 
value of 5,547 cu ft per bbl, but de 
clined to an average of about 1,100 cu 
ft per bbl as the rate of gas injection 
was increased. The oil production rate 
appears to have been controlled by the 
injection rate almost as soon as gas 
injection was started, until 1939. Nine 
new producing wells were drilled in a 
westward extension of the field during 
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FIG. 6 — RESERVOIR PERFORMANCE, BATTERY 60-61-84B 


FIG. 7 — RESERVOIR PERFORMANCE, BATTERY 61A-N. 
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FIG. 8 — RESERVOIR PERFORMANCE, BATTERY 61A-E 
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1939, which caused an immediate in- 
crease in oil production. During 1940, 
the gas injection rate was stepped up 
and the GOR began to increase rapidly. 
The effect of the increased gas injection 
rate on the oil production rate is diffi 
cult to determine. and may not have 





been significant. 

Battery 85B (Fig. 11) was developed 
dbout the same time as 85A-N, and also 
sustained an early peak production fol- 
lowed by a rapid decline. The produced 
GOR increased sharply in June, 1927, 
and remained above 4,000 cu ft per bbl 


for three months. Only one well in this 





irea was used for gas injection initially, 
ind the volumes injected were small. 
Three other nearby wells in offsetting 
FIG. 9 — RESERVOIR PERFORMANCE, BATTERY 844 AND C battery areas were used for gas injec- 
tion beginning in 1927 and 1928, and 
the operation of these wells undoubtedly 
contributed to the greatly increased oil 
production rate early in 1928 and the 
slow decline rate after gas injection 





within the battery was stopped. This 
ippears to be confirmed by the increase 
in production which occurred in early 
1934 when supplies of outside gas be- 
came available to augment the injection 
rate. When the injection of gas within 
the battery was resumed during 1936, 
two of the three nearby injection wells 
were shut in, and the sustained oil pro- 





duction rate appears to have been the 


result of renewed injection within the 


area 


EVALUATION OF RESULTS 


Five test wells have been drilled dur- 
FIG. 10 — RESERVOIR PERFORMANCE, BATTERY 85A-N ing the last three years to assist in 
evaluating the results of the gas injec- 
tion operations. Well No. 93, in Battery 
60A-N and 61A-W, was drilled midway 
between four old producing wells in 
November, 1948, and was completed 
with an initial potential of 23.8 B/D. 
Well No. 45, in Battery 60C-N, also 
was drilled between four older wells. 
ind was completed and abandoned in 
December, 1948, as a dry hole, with an 
estimated gas potential of 150 Mef/D. 
Neither of these wells was cored. Two 





additional test wells were drilled dur 
ing August and September. 1951, and 
one was being drilled as this paper was 
prepared. The chip-core’ analysis re 
sults from well No. 91 in the southern 
part of Battery 60A-N and 61A-W, are 
shown in Table IL. It will be noted that 
the bottom five feet of sand at this well 
has an average oil saturation of 40 per 
cent while the upper 27 feet has an 
iverage oil saturation of only 18 per 
FIG. 11 — RESERVOIR PERFORMANCE, BATTERY 858 cent. This well at last repert was pro 


Vol. 195, 1952 PETROLEUM TRANSACTIONS, AIME 83 








<2 Be 3a 33a _ Bi 





T.P. 3285 


ducing 20 B/D at an average GOR of 
5,300 cu ft per bbl. The other test well 
in Battery 60-61-84B, was cored through 
substantially dry sand and was plugged 
as a dry hole 

An analysis of the reservoir perform 
ance curves and the core analysis re 
sults 
across the bedding plane of the sand 


indicates that gravity drainage 
body has been a very important factor 


in the oil recovery mechanism, and is 


in part responsible for the present high 


recovery of 72.5 per cent of the oil orig 
inally in place. Initially. the movement 
of the oil displaced by the injected gas 
probably was substantially horizontal 
which would account for the relativel 
low produced GOR during the first few 
vears of operation. Following the major 
gas breakthrough, the producing mech 
anism probably was comparable with 
the development of a secondary gas cap 
with vertical movement of the oil to 
ward the bottom of the section. Some 
movement of oil down-structure also 


may have occurred, which could a 
count in part for the higher per acre 
recovery of Batteries 85A-N and 85B 

Fortunately, the permeability of the 
reservoir and the uniformity of the sand 
section permitted great freedom of fluid 
movement within the reservoir, which 
enabled the low pressure injection op 


eration to perform so efficiently. It may 


be concluded that reservoir conditions 
were extremely favorable for this type 


of operation 
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Chip-Core Data, W. 1. 


Cook Ranch Estate, Well No. 


60A-9] 


Air 


Core Oil 


PermeabilitySaturatior 


$20 
180 
160 
710 
550 
100 
740 
570 
50 
1.100 
1.650 
1.600 
1.250 
1.400 
2.300 
1.600 
1.900 
1.350 
1.200 
1.100 
1.050 
650 
1.250 
1.150 
900 
1.950 
1.100 
2.200 
0 


Vol 


Per Cent 

9 
13 
20 
15 
13 
35 
30) 
24 
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A NEW ADDITIVE FOR CONTROL OF DRILLING MUD 
FILTRATION 


R. A. SALATHIEL, HUMBLE OIL AND REFINING CO., HOUSTON, TEX., MEMBER AIME 


ABSTRACT 


\ new synthetic material has been developed which is highly 
effective in treating drilling muds to reduce filtration rate. The 
material is the soluble salt of a very high molecular weigh 
condensation product of sulfonated phenol and formaldehyde 
(SPIF). Laboratory tests show that SPIF is effective in muds 
of all 


water. 


varying from fresh water to saturated salt 


salinities 
materials, 


Alkaline 
| 


quebracho, may be used in combination with SPIF to 


such as soda ash or caustic and 
1dvan 
tage. and are essential in muds containing saturated salt water 
In a field test where the water used in the mud had a salinity 
of about one-half that of sea water, SPIF in combination with 


SPI 
but due probably to additional polymeriza 


caustic and quebracho made a very satisfactory mud 
does not ferment 
tion a slight decrease in effectiveness is found when it is sub 


jected to high pH and high temperature for a long time 


INTRODUCTION 


Drilling mud is essential in retary drilling. The influence of 
variations in the different properties of a mud on its ability 
to perform the various functions in drilling of wells is thor 
oughly understood in some cases and poorly understood in 
others. For instance, the function of mud density in restraining 
high pressure fluids is simple and well known. On the other 
hand. while the value of low filtration is widely recognized 
it is seldom possible to determine precisely what filtration rate 
; required for the mud to perform its functions properly. Fil- 
rate is because it influences the ease of 


tration important 


Manuscript received in the office of the Petroleum Branch Aug 


Paper presented at the Petroleum Branch Fall Meeting in Oklahoma ( 
Okla., Oct - 1951 
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moving tools in or out of the hole. Filtration rate also affects 
the stability of the bore hole walls. which are subject to soft- 
ening and degradation by aqueous filtrate. Difficulties in rotary 


drilling are often avoided by using low-filtration muds. 


Treatment of fresh-water muds to provide moderately low 
filtration rates usually consists of adding chemicals to improve 
the dispersion of the clays. To provide very low filtration rates, 
colloidal Among the materials 
that are used in this way are starch, natural gums, and altered 
celluloses. In muds that contain large amounts of salt or cal- 
cium ofr 


organi materials are added. 


magnesium ions, the clays are coagulated and, as a 


consequence, the filtration rate is undesirably high. In such 


muds organic colloids are of great impertance. 


LIMITATIONS OF PRESENT FILTRATIO 
ADDITIVES 


Starch and water-soluble gums are widely used as filtration 
control agents. Starch is the most important material of this 
kind being used. It has the advantage of relatively low cost. It 
is effective in promoting low filtration rates. not only in fresh 
water muds, but also in muds containing large amounts of 
salts. However. both starch and natural gums are subject to 
fermentation and must be preserved from damage caused by 
\lse, beth starch and natural gums tend 
viscosity undesirably. Furthermore, the 
quantity of material required may be quite large. This is espe- 
cially true when substantial amounts of salts are present. In 
such a case small additions of starch may increase rather than 
reduce the filtration rate of the mud. 


microbiologic attack 


to increase the mud 


Carboxy-methyk-cellulose. a chemically altered form of cellu- 
lose. has some advantages over starch. It is effective in smaller 
concentrations and does not increase the viscosity as much as 
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does starch. However, it is much more expensive than starch 
and like starch 
use, although it is subject to microbiological attack somewhat 


requires a preservative for long, continuous 


less readily than starch 


Soaps are also used to a considerable extent, usually in com 
bination with oil in emulsion muds. Soap in combination with 
oil may promote low filtration rates. The addition of soap, how 
ever, may increase the mud viscosity greatly, and such soap 
emulsion systems are as sensitive to contamination as the clay 


water system from which they are prepared 


None of the currently used materials has all the properties 


desired of a treating agent for control of filtration rate in 


drilling muds 


NEW SYNTHETIC MUD-TREATING AGENT 


In order to develop a material which would have all of the 
properties desired, a laboratory investigation was initiated. A 
number of materials were investigated as additives for drilling 
muds with the objective of discovering a material highly effe« 
tive at low concentration in reducing filtration rate, especially 
in salt-water muds, and which would not require preservativ: 
and not increase the viscosity greatly. One of the most promis 
ing of the materials investigated was a water-soluble, very high 
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molecular weight condensation product of partially sulfonated 


phenol and formaldehyde. This material has been called SPIE 


for convenience 


SPIF is a synthetic 


phenol with concentrated sulfuric acid and reacting the prod 


product made by partially sulfonating 


uct with slightly less than an equal molar amount of formal 
dehyde Phe reactior is 
alkali 
s about to take pla é 
SPIF to be effective 
less. The 


solution. A 


stopped by neutralization with an 


when viscosity measurements show that gel formation 
High molecular weight is necessary for 
low molecular weight products are use 
indicated by the of the 


molecular is obtained in a vis 


molecular weight ts Viscosity 
weight 
100 to 300 ep at 25°C for solutions contain 
ing 30 per cent crude SPIF. The 
can be dried and powdered for ease of handling. The yield of 


the crude SPIF is 300 per cent based on the weight of phenol 


desirable 
cosity range trom 


product after neutralization 


composed of about 40 per cent active ingredient 


used, and is 
) per cent salts resulting 


from neutralization 


ind 20 per cent 


low molecular weight polym 


It is not known just w he cost of manufacturing SPI 
in commercial quantities will be. However, the raw material 
cost is moderate, and the manufacturing steps are simple. It 
pated that a favorable cost figure will develop. Proce 
dures for preparing SPII 


Refining Co. laboratories 


Is antici 
were developed in Humble Oil and 
ind manufacture of a quantity suf 


ficient for a field tr was carried out by Monsanto Chen 


ical Co 


ACTION OF ORGANIC COLLOIDS IN MUD 


One theory p imes that organic additives reduce the 


mud by 
les in the 


pl igging the small openings be 
filter cake. Any treatment of a 


tinishes the size of the openings to be plugged 


filtration rate of a 

tween mineral parti 
mud which din 
as, for instance. dispersion of clay by chemicals, permits reduc 


tion of filtration rates with smaller concentration of organi 


colloids 


agents would 


Thus ippears that any of the organic treating 


be ctive in fresh water mud at low concet 


tration because of the filter cake are very small at 


the beginning of reatment 
salt or ind m 
vagulated and the pore sizes in the 


However, when substantial 


amounts of ignesium ion are present in 


the mud the clay 
filter cake are much larger. bh 


req iired to give 


such muds larger concentrations 
of the organi | i a low filtration rate 
In addition hen starch or 
iddition 


carboxy-methyl-cellulose is used 


in such muds of the 
higher filtration rates. It is only after the 
filtration rate is obtained 
additions of 


agent usually results in 

iddition of substan 

tial quantities tl 1 desirably low 
The ibsence oO 1 tay rable 

CoM¢ onsidered a result of adsorption of 
colloid by the mineral solids. There 


centrations causes substan 


from initial 


starch o1 
the organ Is ne evidence 


that SPIE 


muds sin ow cor 


ineral in either fresh ot 


saline 


tial reductior ‘ 1 rate 


LABORATORY TESTS OF SPIF 


Che effectivenes- SPIF in synthetic muds of various salt 


concentrations was tested in the laboratory. Starch, at present 


was used as the 
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basis on which to compare SPIF. The fluid phase of the 
was varied from fresh water to saturated salt water. 17 
lowing discussions illustrate the results obtained 


Effect of SPIF in Fresh-Water Muds 


Fig. 1 shows the effect of the addition of SPIF to a ne 
mud composed of 1.6 per cent Bentonite clay, 18 pe 
medium-yield clay, and 80.4 per cent fresh water. Included ¢ 
the chart are comparative data for starch. The effect on 
cosity, on initial gel strength, and on the filtration rat. 
shown for each additive. It is of interest to note that the 
tion of 6.6 lb/bbl of SPIF decreased the filtration rat 
15 cu em to 6.6 cu cm API. In comparison, starch in a 
centration of 6.4 lb/bbl lowered the filtration rate fro 
API. Thus, in a neutral fresh-water 
SPIF is as effective as starch, pound for pound of mater 
in decreasing the filtration rate. The contrast in the eff 
starch and SPIF on the viscosity and initial gel strength of 
Addition of starch increased drastically 


cu cm to 6.6 cu cm 


mud is striking. 
the viscosity and the initial gel strength. whereas SPII 
almost without influence on these properties. 
It should be pointed out that SPIF may be 
salt. both 
control 


prepare 


either the sodium or calcium forms being wate 


soluble and effective as filtration agents. It 
known that clays adsorb by base exchange the polyvalent 
such as calcium and at the same time release sodium 
the solution. As contrasted with clay, SPIF in solutior 


completely ionized salt and as such shows no preference 


any particular ion. As a consequence, SPIF cannot be expe 


to remove ions harmful to the mud but, instead. if adds 
the calcium salt would increase the concentration of the 
cium ion in the mud. Thus it is preferable to use the 
salt of SPIF, especially in fresh-water muds 


Effect of SPIF in Sea-Water Muds 


The effect of SPIF on the filtration rate, viscosity, and 
strength of a neutral sea-water mud composed of five pet 
Bentonite clay, 30.1 per cent shale from South Louisiana 
64.9 per cent sea water is shown in Fig. 2. Included on 1 
chart are similar data for starch in a neutral sea-water 


and starch added as a 10 per cent paste in one pet 


caustic solution. 


In sea-water mud SPIF affected the viscosity and gel strer 
but litthe, and reduced the water loss from 52 cu em t 
cuem API at a concentration of six Ib/bbl of mud. The add 
7.4 lb bbl of starch reduced the filtration rate fro 
API, and at the same time the vise: 
and gel strength were increased from 32 to 194 cp Storme 


tion of 
19 cu em to 29 cu cm 


600 rpm and from 50 to 120 g Stormer, respectively. 


rt 


It was recognized that the addition of dry starch to a ne 
sea-water mud did not entirely simulate well conditions, w 
higher pH. normally used in conjunction with starch treatme 
and heat would aid in the hydration of the starch and 
it more effective. 
10 per cent slurry in one per cent caustic solution for ac 


Accordingly, the starch was pasted 


to the mud. The results of the addition of the pasted starct 


also shown in Fig. 2. It may be noted that beth viscosity and 
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EFFECT OF SPIF ON SEA WATER MUDS 


naximum, and 
then decreased to values well below the original. This decrease 


gel strength first increased, passed through a 


dilution by 
iddition of rather large quantities of water with the starch as 


of the viscosity and gel strength was caused by 
a 10 per cent paste, and not by any viscosity or gel-treating 
ability that iscribed to the alkaline starch paste 
Pasting the starch made it more effective as a filtration-reduc- 
ing agent. The filtration rate first increased, passed through a 


might be 


maximum, and finally was reduced from the original 49 cu cm 
API after addition of 7.4 lb of starch (74 Ib of 
the starch paste) per bbl of mud. 


to 5.5 cu cm 


Effect of SPIF in Five Per Cent Salt-Water Mud 


influence of SPIF and starch on the 
in which the fluid phase was composed 


\ con parison ot the 
properties of a mud 


of five per cent salt water is shown in Fig. 3. In this mud 


starch caused an increase of the viscosity and gel strength, 
while SPIF affected these properties but slightly. SPIF proved 
to be very effective in reducing the filtration rate of this mud 
in that the water loss was decreased from 30 cu cm to 6.3 cu 
cm API on addition of 6.4 lb/bbl. When the quantity of SPIF 
ased to 13 lb/bbl, the water 
API. In contrast 


caused the filtration rate to increase from 


was incre loss was decreased to 
starch, on addition of the first 


33 cu 


four cu em 


four lb/bbl 
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em to a maximum of 37 cu em and then decrease to 34 cu em 
APL. Further additions of starch caused the filtration rate to 
decrease so that the 7.8 cu em API after the 


10 Ih bbl 


water loss was 


iddition of 


Effect of SPIF in Saturated Salt-Water Mud 


SPIF in a neutral mud in which the liquid phase was satu 
rated salt water did not cause a significant decrease of the fil 
tration rate and did not affect greatly the viscosity or the gel 
strength of the mud. In comparison, the first 3.4 lb of starch 
per bbl mud caused the filtration rate to increase from 54 cu 
em to 118 cu cm API 
creased to 7.4 lb) bbl, the filtration rate was decreased to 17.5 
cu-em and on further increase to 11.1 Ib bbl, the water 
5.3 cu em API. Addition of starch caused 
viscosity of the saturated salt-water mud to increase in a some- 
25 to 175 ep. then de 
11.1 


Ib of starch per bbl was added. The gel strength was increased 


When the starch concentration was in 


loss 


was decreased to 


what erratic manner, increasing trom 


creasing to 122 cp and finally increasing to 162 ep as 
































FIG. 3 — EFFECT OF SPIF ON FIVE PER CENT SALT WATER MUDS 
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18 to 75 2 which 


These 


from ind then decreased to six 


Stormer 


value did not change furthet starch was added 


illustrated in Fig. 4 


as more 


data are 


the alkalinity of the 
SPIE 
Illustrated in Fig. 4 is the 
reduced the 


It was found 


rated 


that Dv increasing satu 


salt-water mud with soda ash or caustic became 


effective as a filtration reducer 


in which SPII 


salt-water mud containing four lb of soda ash per bbl. It may 


manner water loss of a saturated 
150 cu em 
to 6.5 cu cm API 
Ib of SPIF 
did not cause any significant change in 
made. Thus, if the 
alkalinity of the mud is increased. SPIF becomes effective as 


be seen that the filtration rate was reduced from 


to 27 cu cm, then to 13 cu em and finally 


addition of four. six. and eight 


SPI 


these 


respec tively. on 
per bbl of mud 


the viscosity when additions were 


a filtration-control igent in saturated salt-water muds. 


Stability of SPIF 
One of the principal difficulties in the use of starch or car 
boxy-methyl-cellulose for filtration control is their susceptibil 


ity to fermentation. which makes necessary the use of a pre 


servative The use of a many adds con 
SPIF. by virtue of its 
to microbiological attack. With SPIF 
there does exist a possibility 
lead to a 


merization 


preservative in Cases 


siderably to the treating costs. 


mud 
composition, is immune 
of certain chemical reactions that 
effectiveness. 


could First. continued poly 


might increase the molecular 
the SPIE 


i possibility that 


could oceur. which 


weight to a point where is no longer completely sol 


uble. Second, there exists a reaction similar 


to hydrolysis might take place and cause a decreased molecu 
Other 


no products formed would be 


lar weight and a decreased efficacy than the reduction 
of the effect on filtration rate 


deleterious to the mud properties 


SPI 


water 


decreases in efficacy with 
and shale taken 
This which had a 
was treated with six lb) bbl SPII 


API. The treated mud 


which adjusted 


To test the rate at which 


time, a mud with sea from 


Wa made 
drilled in Seuth Louisiana mud. 
API 


water loss to 6.8 cu em 


a well 


water loss of 90 cu en 


to decrease the 


was divided into four juots, two of were 


to pH 12.1 with caustic and quebracho solution, and the other 


two left One sample each of 
12.1] 
190°F. The results of t 
These little 
mud it pH 8.3 and at 75°F: the water 
creased from 6.8 cu cm to API during this time 
When the pH was increased to 12.1 at 75°F or the temperature 
at either pH was increased to 190°F. the 

increasing from 6.8 cu em to 23.8 
it pH 12.1 at 75°F. It is of interest to 
strength changed but slightly, 


at pH 8.3 pH 8.3 and pH 
ed at 75 id the other samples were aged at 
lable | 


filtration rate of the 


Was 


ap 
tests are summarized in 
data show effect on the 
iged 50 days loss in 
9.6 cu cm 
deterioration was 
increased, the filtration rate 


APL in 50 davs 
note that 


cucm 
Doth viscosity ind gel 


ind in most 


FIELD TEST OF SPIF 


a well. Mon 


preparation of 22,000 


of SPIE 


cooper ited in the 


lo provide a supply for a field test in 


santo Chemical Co 


Ib of the material. The details for the manufacture were 


worked out 


| 
omntly 
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The well chosen for the test of SPIF was a 14,000-ft test 
to be drilled in Lake Raccourei, Louisiana, designated a 
State Lease 1449, Well 1. This well was chosen for sever 
reasons. First, the location made it advantageous that the rela 
tively salty water. 11.600 ppm chloride, of the Lake Raccour 
embayment be used for the mud in order to save tug and barg: 





costs incurred in hauling fresh water. The diesel-electric rig 
did not require fresh water. Second, the well was to be a deep 
test and would give an extended time for the test. Third, sey 
eral other wells had been drilled in the area using the salty 
water for the mud and standard filtration control materials | 





reduce water loss which could serve as a basis for compariso! 
of the cost and efficacy of SPIF. 
») 


The well was spudded, in April 22. }951, using a mud made 











from bentonite, lime, and the salt water of the lake. Conductor 





pipe was set at 228 ft and 13% ,-in. surface pipe was set at 
1.817 ft. Chemical treatment was started at 7.030 ft with the 
addition of caustic quebracho solution. The drill pipe wa 
twisted off at 7.484 ft while drilling in 12'4-in. hole, resulting, 
in a five-day fishing job to recover the drill collars and bit 
The first addition of SPIF was made on April 30, 1951, while 
the fishing operations were in progress. The material w \~e-+4---——---0 








added as a dry powder through a mechanical mud mixer. The 





addition and mixing were accomplished with no difficulty and 
after addition of 9.350 lb of SPIF. about 4.7 lb/ bbl of mud 
based on an estimated mud volume of 2.000 bbl, the water 
loss was reduced from 52 cu cm to 12 cu cm API. Sufficient 
water had been added to reduce the mud weight from 10.7 

10.1 Ib/gal and the viscosity increased with clay to 37 s¢ 

Marsh funnel. The alkalinity was 0.01 per cent and the chlo 


ride content was 11.400 ppm. 














Table I Aving Tests of SPIF in Sea-Water Mud 
Stormer Stormer Filtrat 
Time Temp Viscosity Initial 1 cn 
days , ep Gel, API FIG. 4— EFFECT OF SPIF ON SATURATED SALT WATER MUD 
0 
0.75 


6.2 


mh Ww he bo 





After the fish was removed on May 4, 1951. the hole size 
was reduced to 97, in. and drilling was continued to 9,180 ft. 
The average mud properties maintained while drilling the 
1.700 ft in this interval were: weight. 10.4 lb/gal: viscosity. 
37 sec Marsh funnel; chloride. 12.500 ppm: alkalinity, 0.07 
per cent; filtration rate, 11.0 cu cm APL. Maintenance of the 
mud in this interval required 3.740 lb of SPIF. Caustic que 
bracho and caustic lignite solutions were used for viscosity 
control 
The mud was converted at 9.180 ft to an oil emulsion by 
Sample lost during aging period iddition of diesel oil. After emulsification was complete, the 
12.] 190 5 4 mud weighed 10.4 lb per gal. the viscosity was 5] sec Marsh 
5 funnel, chloride content was 13.000 ppm, the alkalinity 0.09 
per cent, oil content 14 per cent. and the filtration rate was 
: eight cu cm API 
- ° 


b. 
I. 
1}. 
1. 
t. 


The 97,-in. hole was drilled to 10.450 ft. at which depth 
6.5 8.6 drilling was halted, the hole was reamed to 1244 in. from 7,492 

; to 8.600 ft. and 9°,-in. casing was set and cemented at 8.594 

ct RE eee ee an ABT tataseh 90.68 be temo ft 08 May 13, 196] 
with 6 Ib bbl of SPIF. The pH was adjusted in two aliquots ym & the 1.300 ft of hole 
pont Phnegas Aig coca — a aa a viscosity $2 sec Marsh funnel: chloride. 14.000 ppm: alka- 
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The average mud properties while drilling 


and reaming were: weight, 10.4 lb/gal: 
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linity, 0.09 per cent; oil content, 12 per cent; filtration rate, 
8.6 cu cm API. The SPIF required to maintain the filtration 
rate during this 1,300 ft interval was 1,320 Ib. 

On May 13, 1951. the cement was drilled from the casing. 
which caused a slight contamination from the cement. The 
mud was converted at 10,500 ft to a SPIF-emulsion-lime mud 
The filtration rate increase to 23 cu cm API after addition of 
2,100 Ib of lime. It required 4,620 lb SPIF to lower the water 
API. The well was drilled from 10,500 to 
12.900 ft. which added to the 
ilong with caustic quebracho and caustic lignite solutions for 
viscosity control. The SPIF requirement for this 1,400 ft of 
hole was 2,530 lb to maintain an average filtration rate of 
eight cu cm API. The alkalinity was maintained at about 0.25 
per cent, and the other properties remained as previously 


10 cu cm 


loss to 


during time lime was mud 


carried. 
The supply of SPIF was exhausted at 12,900 ft, making 


necessary the use of starch for filtration control below this 


depth. The conversion to starch was made with no difficulty 


other than an increased viscosity normally experienced when 
starch is added to a mud. 

There were no special treatments required at any time dur- 
ing the SPIF test. The material was easy to handle and to mix 
with the mud. There was no evidence of deterioration of the 


SPIF during the 27 days over which the test was conducted. 
[he maintenance cost, once the initial SPIF treatment had 
been made, was comparable with the average of three other 


wells drilled in Lake Raccourci using the lake water for the 
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mud. Although the total mud cost on this job was somewhat 
more than the average of the three comparison wells, the dif- 
ference was due to the relatively high cost of the experimental 
quantity of SPIF. A lower price for the polymer 
anticipated with commercial manufacture, and more experi 
ence with SPIF mud treatments should make its use competi 


may be 


tive with the filtration control agents now in use. 


CONCLUSIONS 


rhe results obtained from laboratory studies and field use 
of a sulfonated phenol formaldehyde polymer for control of 
filtration rate of drilling muds have led to the following 
conclusions: 

1. A new synthetic material, SPIF, has been made that will 
control water loss from drilling mud; 

2. The material is suitable for treatment of muds made from 
fresh water or water that contains salt in concentrations up 
to saturation; 

3. SPIF is not subject to fermentation; 


1. SPIF does not increase the viscosity or gel strength of 
a mud to an undesirable degree: 
5. The new filtration control agent requires no special mud 


treating techniques * *« 
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y Drift of Shings Ca 


In the Black 

Though the final figures are not avail- 
able as this is written, it seems certain 
that the Institute accounts will show 
$7.000 to $8,000 surplus for the year 
1951. This is the first time this has hap- 
pened since 1941. No had to 
be taken from any of the Funds to 
bring about this happy condition. Fur- 


money 


thermore, the amounts allowed for de- 
debts. and 
adjustments were more liberal than in 


preciation, bad inventory 
the past. 

Income increased some $29,000 overt 
1950. Dues received from old members 
increased moderately. but dues from 
new members dropped off $2.000 and 
from initiation fees quite severely 
from $17,000 to $11,000. The number 
of new members did not live up to ex 
pectations and a change in procedure 
caused a delay in getting some of them 
on the rolls. A large number of the 
new members paid an installment of 
$5 on their initiation fee instead of the 
full $20. 
pay no initiation fee. 


Junior Members, of course. 

Brightest spot in the income picture 
was the increase in advertising income 

from $103,000 in 1950 to $143,000 in 
1951. All three of the journals shared 
in this, mining being up $18,000; met- 
als. $9,000; and petroleum $13.000 
Sales of the journals dropped = off 
slightly, and sales of Transactions vol- 
umes more so from $35,000 in 1950 
to $27,000 in 1951, with a further drop 
of $5,000 accounted for by a change in 
procedure. On the other 
publications —in- 


accounting 
hand. sales of other 
creased by $10,000. 
Expenditures in 195] 
only about $6,000 over 1950, an excep- 


increased by 


good showing in view of the 
decrease in the value of the 1935-39 
dollar from 58 cents at the end of 1950 
to 53 cents at the end of 1951. This 
decrease means higher prices for the 


tionally 


things the Institute has to buy: espe- 
cially. higher salaries have to be paid 
for the office help which does the work 
at Institute headquarters and its branch 
offices. 

\ marked saving in publishing costs 
was made because no directory of mem- 
bers was published in 1951. This cost 
$19,000 in 1950 but the officer and com- 
mittee list issued last year cost only 
$2.000. 

Expenses chargeable to technical Di- 


visions and Branches increased from 
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$39,000 in 1950 to $54,000 in 1951. the 
chiefly in the Mining 
Branch. One reason was that the ex 
pense of the Salt Lake City office was 


increase being 


all met out of income in 
1951, 


of income in the Barron Fund in 1950 


operating 
whereas its cost was taken out 
journals 


Expense for the three 


dropped $11,000. This is quite surpris 
ing considering the high quality that 


was maintained. It shows particular 
care on the part of the editorial and 
publishing staffs in condensation and 
editing of articles. and avoidance of 
luxurious 


both the mining and 


g practices. Costs of 


printin 
metals journals 
decreased. but in provement in the pe 
troleum journal increased its cost about 
$7.000. 
Compared with 1950. general and ad 


ministrative salaries. and accounting 


and membership department expenses 
$93.000 to $95,000. a 


increased from 


most modest increase in view of the 


higher salaries that had to be paid. A 
saving of $8,000 was made in the pen 
sion account because of staff changes 


Miscellaneous 


$5.000: the allowance for depreciation 


expenses ing reased 


of equipment. furniture. and fixtures 
including adjustment for years 
$12.500 added expense 


prior 
accounted for 
and a reserve was 
bad debts in 


vears. 


set up of $3,000 for 
i cumulation ot 


some 


Branchwise. the Petroleum Branch 


again. as in 1950, operated on prac 
budget as between 
Mining 


i surplus of $35,000 com 
1950: 


tically a balanced 


income and expense The 
Branch had 
pared with $24,000 in 
Metals Branch decreased its deficit from 
$42.000 in 1950 to $27.000 in 1951 


and the 


Emphasis in 1952 must be made on 


increasing income in two main direc 


tions:' Increasing the advertising ind 


getting more new members. The latter 


not only adds dues and initiation in 


come. but adds to the circulation of the 
journals. thus making them better ad 
vertising media. In 1950, 21 per cent 
of the AIME income 


tising and 63 per cent from dues and 


came from adver 


initiation: in 195] the respective fig 


ures were 28 per cent and 59 per cent 


Contrast these figure with those of a 


sister society, such as the American 


Society of Mechanical Engineers for 


instance. which last vear received 41 


per cent of its income from advertising 


and only 40 per cent from dues and 
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initiation fees, even though it has 37,500 
members and its dues. for the Member 
grade, are $25. 

By getting more new members and 
more advertising the expected contin 
ued increase in costs due to inflation 
may be met. Other avenues of income 
will also be studied. Publication of a 
directory in 1952 will add a substantial 
item to costs. On the whole, it seems 
that a surplus should again be shown 
in 1952 but it will probably be only a 
modest one, as it was last year. 
It would appear that there is little 
1953. of doing much in 
Institute’. 

deficits 
vanishing 


hope. before 


the way of rebuilding the 


funds available for meeting 
They almost 


point in 1950. 


AIME Fall Meeting in Chicago 


Plans 
dates and 
Meeting in 


This will he in 


reached the 


have been concluded for the 
AIME Fall 


September. 


location of the 
Chicago next 

connection with the 
Centennial of Engineering celebration, 
which is te cover the first two weeks of 
the month, A total of 


organizations will hold meetings during 


ol engineering 


that fortnight. 

AIME technical sessions will be held 
House on Friday and 
Sept. 5 and 6, with a dinner 


in the Palmer 
Saturday 
night. One or more 


dance Saturday 


Divisions that contemplate an exten 
sive program with field trips may add 
Thursday. Sept. 4. to. their 
dates. Already. the Industrial Minerals 


Division and the Minerals Beneficiation 


meeting 


Division are definitely planning to var- 
ticipate: the Mining. Geology, and Geo 
physics Division is almost a certainty: 
and several other Divisions planned to 
make their Annual 
Meeting 


The dates selected will enable those 


decision at the 


who attend to have Sunday for visiting 
the Museum of Science and Industry. 
engineering ex 
Monda: 


\ 


sper ial 
installed. On 
following. there will 


where many 

hibits will be 
ind Tuesday ” 
~pecial convecations on the metals in- 
leading speakers, ar 


Centennial committee 


dustries. with 
ranged by the 
On Wednesday night there will be a 
for the entire 
should 
thousand people 

It looks as though Chicago should be 
included in the vacation plans of all 
1952 ~*~ « * 


banquet engineering 


group. which attract several 


engineers mm 
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Personals 





Rateu G 
manager for the Lane-Wells Co. at Los 
Angeles. In this capacity, Grant will 


GRANT is now personnel 


supervise all head office personnel ac 
tivittes records, and welfare and activi 
ties programs. He will assist the man 
ager. Industrial Relations, in matters 
concerning salary administration, job 
conditions and classifications, labor re 
lations. and employee 
grams. Grant joined Lane-Wells in 1946 


training pre 


ifter five vears of service in the Army 
His previous position was that of sub 


district superintendent at Harvey. La 


“h. 


JoserH C. VatcHN is production re 
earch engineer with the Stanolind Oil 
Tulsa, Okla. He has been 


ussociated with the Quaker State O'1 
Bradford. Pa 


+ 
Eowarp H. Conroy. Jr. has joined 
the Texas Gulf Sulphur Co. Worland 
Wvo 


ind Gas Co.. 


Refining Corp 


a 


Riurts Duprey Cuampton, Jr, is now 
employed by the Amerada Petroleum 


Corp.. Menument, New Mexico 
+ 


Dox Dare Lirree, Standard Oil Co 
of Calif Is Now senior reservoir eng 


it San Francisco 


ak 


Ronatp L. Ackury has accepted 
position with the Standard Oil Co 
California, Taft. Calif... as engineer 


trainee 


James M 2B In. has been 
ansterred to the advertising depart 
ment of Baroid 

Sales Division, Na 

tional Lead Co 

Houston, to assist 

in the preparation 

of the firm's tech 

nical publication 

relating to oil well 

drilling muds, well 

logging. and test 

ing equipment. Ed 

ucated at the University of Texas. le 
has been with Baroid since 1947. doing 
well logging werk in the southern half 
of the United States and mud engineer 
ing service in North Central Texas o/] 


fields 


SECTION 2 


JoHN Joseru JusteN has joined the 
field research laboratories of the Mag 


Dallas 


nolia Petroleum Co.. 


<p 


F. Davin Hart. research and devel 
opment dept.. Socony-Vacuum Labora 
tories, has been transferred from Whit 
tier, Calif. to Paulsboro, N. J 


+ 


Joun R. CiestNousvick, area produc 
tien engineer for Continental Oil Co 
Fert Worth, was promoted to assistant 
district superintendent of production in 


Hobbs, N. Mex 
4. 


James W. RockHo tp recently joined 
the National Cooperative Refinery Asso 
ciation as chief engineer of the produ 
(,reat 


tion and pipe line divisions 


Bend, Kans 
* 


Cuark M. SHERWOOD is 
employed by the Ohie Oil Co.. Casper 
Division, MeFadden. Wyo 


+ 


JouN V. PENNINGTON is now director 
Houston 


presently 


Drilling Research, Inc 


4. 


James Donatp Criark has resigned 
from the Union Oil Co. of California 
Houston, to accept a position with the 
Stanolind Oil and Gas Co., Alvin, Tex 


Wartrer H. Dickinson 


troleum Co.. 


Phillips Pe 
Houston, has been trans 
ferred to Casper. Wyo 


a 


Currorp L. BuckincHuam is. with 
Petroleum Development (Qatar) Ltd 
Persian Gulf 


ak 


\V. L. Forsyru has been named chief 
engineer of Lane-Wells Co. in Los An 
geles. Calif 
engineer, Forsyth replaces Norman | 


Formerly assistant chief 


Dorsv. whe 
health 


resigned because oft i 


+ 
Water FE. Lone has become a pe 
treleum geologist: for The 
Metal Co.. Ltd.. with offices at 61 Broad 
wav. New York 6. New York. He was 


recently 


(American 


Geier-Jackson 
Inc.. and formerly with Magnolia Petro 
leum Co 


geologist tor 
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Grorce L. Ratcuirre has been elected 

i vice-president of National Lead Co.. 
it was recently an 

nounced by J. A. 

Martino. 

dent. Ratcliffe has 

been a director of 

National Lead Co 

since 1948 and 


general 


presi 


manage 
of the Baroid Sales 
Division of the 
company. since 
1929. Ratcliffe joined National Lead in 
1929 as president and general mana 
ger of the California Tale Co. one of 
the predecessor companies to Baroid 
Prior to this, he also saw service with 
Standard Oil Co. (N.J.). Texas Pacifi 
Coal and Oil Co. and the General Pe 


troleum ¢ orp 


4. 


James H. Corrs is now petroleum 
engineer for the Tide Water Associated 
Oil Co Midland. Tex 


a 


Morton r. Hices has been elec ted d 
vice-president of Lane-Wells Co., ac 
cording to an announcement by Rodney 
S. Durkee, president. Higgs has been 
n the petroleum industry since 1916, 
spending the first 14 years as a geolo 
gist. He was with the Sperry-Sun Well 
Survey Co. as Gulf Coast regional man 
iger for eight vears before joining Lane 
Wells as divisional sales manager at 
Houston in 1938 





Thomas J. Hamilton Dies 


Thomas James Hamilton (Mem- 
ber 1939) died Oct. 6. 1951, at Wich 
ita. Kans. Born Aug. 14, 1896, near 
Warren. Ind.. he was a graduate of 
Ohio State University. He joined the 
Empire Oil and Gas Co. in Augusta. 
Kans., in 1914, and became produc 
tion superintendent for Phillips Pe 
troleum Co. in 1922. serving in 
various parts of Kansas. Oklahoma 
ind Texas until 1944. After two 
years with Mayo Properties of Min 
neapolis, he became chief production 
engineer for the National Coopera 
tive Refining Association, holding 
this position until his death. He was 
i former mid-continent chairman of 
the APL. and at the time of his death 
was vice-chairman for Wichita of 


AIME. 





the Kansas Section, 
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X-Ray Absorption Method 


Continued from Page 15, Section 1 


in full agreement with X-ray theory. In 


* 


octcecgee tatpenaeanas i haan et) eA y aa 


the case where the oil or water existed 


inside the core (Case A) which cover- 
both drainage and imbibition types of 
flow processes. again the relationship 
between absorption and _— saturation 
(amount of oil in X-ray beam path 
measured by weighing the core) agrees 
with X-ray theory for uniform distribu 


etecbecaintivslscitentitiabehenatiaeil 


tion of fluids. This particular porous 
material does show considerable hys- 


secpeeeen ee mercenary cists tiel Sa aaa 
a ees aaa 


teresis effect in flow behavior and there- 
fore can be considered as suitable for 
these evaluation tests. The fact that 


een ae 


this experimental evidence does not 
conform to the expectations of Lipson 
can be explained on the basis of the 
models used. Lipson’s fluid distribution 
models are applic able to conditions of 
saturation distribution for a very small 
group of pores. In practice, a large 
number of pores influence the absorp- 


tion of the X-ray beam (approximately 


10° pores in a %4-in. diameter core plug 

and an X-ray beam 'xy in. x 5/16 in.). 

The cumulative effect of the multitude : 

of pores involved in the measurement P f ‘ py 

Mo esti essentially a uniform distribu- for high pressu ew 
tion of the fluids as far as the X-ray 

beam is concerned. Therefore, a direct 


mhausti tains ~~ Qtig “Selective” Landing Nipples 


sideration does not describe the rela 





tion of fluid saturation and_ relative 
X-ray absorption for the case of fluid 


append yn and Type S Locking Assemblies 


evidence shows that for the manner in 
which it is used, relative absorption is 
uniquely related to fluid saturation in If your plans call for the completion or work-over of a 
high-pressure oil or gas well in the near future, ask an Otis 
representative to outline the many advantages of this special 
equipment for landing Otis sub-surface controls. Among the 
operating features he will explain is Otis’ unique “selective” 
ACKNOWLEDGMENT principle, wherein each Type S Locking Assembly is “keyed” 
to a Type S Landing Nipple. This keyed design allows a lock- 
ing assembly to pass through all other nipples above until it 
: “selects” its corresponding nipple. Thus two or three — or as 
agement of Stanolind Oil and Gas Co. many as five — landing nipples can be installed in the same 
for permission to publish this technical string at different depths for the subsequent location of 
nete. and to D. R. Parrish for his various Otis sub-surface controls as required. (If the flow is 
extremely abrasive or corrosive, it is recommended that an 
Otis Heavy-Duty Flow Coupling be made up above each 
nipple.) There are many more features — too many to de- 
scribe here; but a few minutes’ discussion with an Otis man 
today can hamstring your high-pressure problems tomorrow. 
REFERENCES Otis offices are listed below, and probably one of them is 
near your operation; if not, contact us in Dallas and we'll 
jae : be glad to send you an illustrated bulletin and any other 
= Ipson, L. B.: “Theoretical Note on information you might want. 


Linear Absorption Methods of De- ——— ~~. TRE 
termination of Fluid Saturation in These removable sub-surface controls 


Porous Media.” Trans. AIME, (1951) are run with Type S$ equipment — 
eed er Mig nrg 2 gon OTIS PRESSURE CONTROL, INC. pertperstin gy 
1951. 19.) 6612 Denton Drive * Box 7206 + Dallas, Texas Otis Bo: 9 rn Reve ives 
~— ; DALLAS + HOUSTON «+ CORPUS CHRISTI " 
—— ee ee ee LONGVIEW + VICTORIA + FALFURRIAS Otis Bottom-Hole Chokes 
ee ae | Set? = ODESSA + NEW IBERIA + SHREVEPORT Otis Plug Chokes 
Doty. E. C.: “Improvements in the HOUMA * OKLAHOMA CITY « ELK CITY 
X-Ray Saturation Technique of 
Studying Fluid Flow.” Trans. AIME. 
(1950) 189, 183 x * * 
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Employment Notices 





The JourNna will post notices of men 
and jobs available. Companies and 
AIME members are invited to use this 
space. for which there is no charge 
Except as noted below, address replies 
to: Code (appropriate number). Jour 
vac or Perroceuem Trennoiocy, 408 
lrinity Universal Bldg.. Dallas 1. Show 
return address on envelope. These re 
plies will be forwarded unopened and 
no fees are involved 

Replies to the positions coded Y 6685 
¥ 6654. Y6653. and Y6296 below should 
be addressed to Engineering Soctetie- 
Personnel Service. 8 West 40th St.. New 
York 18, N. Y. The ESPS. on whose 
behalf these notices are published here 
collects a fee from applicants actually 


plac ed 


POSITIONS 


@ Research group leader and research 
engineer for secondary recovery re 
earch laboratory in Bradford, Pa. Ad 
vanced degree or production research 


MS or PhD in 


petroleum or 


experience preferred 


physical chemistry or 
chemical engineering considered. Op 
portunity to gain first hand experience 
n secondary recovery through coord 
nated laboratory and field re earch 
Liberal publication policy. Salary open 
Reply giving educational background 
ind experience to Pennsylvania Grade 
Crude Oil Association Laboratory, 114 


Boylston St.. Bradford. Pa 


@ The Petroleum and Natural Gas En 
gineering Division of The School of 
Mineral Industries, The Pennsylvania 
State Collewe. is seeking a full-time 
(12 months) staff member for instru 

mal duties, both graduate and under 
graduate. Doctorate degree a prerequ 


site Field of spe ialization in any 





H. N. Appleton Named 
AIME Assistant Secretary 


\t the meeting of the Executive and 
Finance Committees on Jan. 9, H. New 
ell Appleton, as head of the newly ot 
ganized Institute Activities Department 
was made an Assistant Secretary of the 
Institute instead of Assistant to the 
Secretary, his former title. At the same 
meeting John V. Beall was appointed 
Manager of Publications of the Insti 
tute to succeed Thomas E. Llovd whose 
Beall 
will continue as editor of Mining Engi 

* * - 


resignation was effective Feb. 1] 


neering 


SECTION 2 


branch of petroleum industry will be 
considered, Opportunities for individual 
or contract research. Rank and salary 
open. Code 538. 

@ Instructor or assistant professor, 25 
30. with a few years’ practical experi 
ence in petroleum production engineer! 
ing. Should be American citizen. Salary 
up to $5,000 a year depending on ex 


perience. Location. West. Y6685 


@ Engineers and designers, experienced 
for design of blast furnaces, steel mills 


ind oil refineries. Location, New Jer- 
sey, Ohio or Oklahoma. Y6654. 

@ Petroleum geologists, experienced, for 
-ubsurface study. Should have three to 
five years’ experience in geological 
work. Location, Texas. Y6653. 

@ Viechanical engineer, designer, with 
two to five years’ experience in design 
Salary 


York. 


and lavout for oil refinery. 


$6.000 a vear Location, New 
N. Y. Y6296 
* * * 





Proposed for Membership, Petroleum Branch 





Total AIME membership on Dec. 31, 1951, was 
17,482; in addition, 2,229 Student Associates were 
enrolled 

ADMISSIONS COMMITTEE 

Thomas G. Moore, Chairman; Carroll A. Gar 
ner, Vice-Chairman; George 8. Corless, F. W 
Hanson, Albert J. Phillips, Lloyd C. Gibson, R. D 
Mollison, John T. Sherman, Alternates, A. C 
Brinker, H. W. Hitzrot, Plato Molozemoff, Ivan 
Given, T. D. Jones, W. A. Clark, Jr 

Institute members are urged to review this list 
as soon as the issue is received and immediately 
to wire the Secretary's office, night message col 
lect, if objection is offered to the admission of 
any applicant. Details of the objection should 
follow by air mail. The Institute desires to ex 
tend privileges, but does not desire to admit 
persons unless they are qualified. Objections on 
applications should be received on the 15th of 
the month following publication of PETROLEUM 
TECHNOLOGY i 

In the following list C/S means change of 
status; R, reinstatement; M, member; J, Junior 
Member; A, Associote Member; S, Student Asse 
ciate; F, Junior Foreign Affiliate 


CALIFORNIA 

Coalinga Bauer, Robert F. (C/S-J-M 
Glendale Smith, E. Raymond (C/S-J-M 
Inglewood tgan, Joseph I C/S8-S-J 

La Habra Parsons, Richard L. (C/S-J-M 
Long Beach August, George R. (C/S-J-M 
Garten, James P. (C/S-S-J) 

Los Angeles Thompson, Gene D M 

Rio Vista Bourne, William H. (C/S-J-M 
Santa Monica Porter, Frederick c/s 
J-M) 
Whittier Ewing, Hunter H C/S-J-M 
Holler, Robert J A) 
ILLINOIS 
Elmwood Park 
KANSAS 
Garnett Burnell, Sam ¢ Jr 

Great Bend Shivel, Paul B 

Wichita Curtright, Laurence 
S-J): Heiser, Frederick W. (M 
LOUISIANA 

Eunice Henry, Charles R J 

Lafayette Bennett, Sam P. (M) 
Shreveport Davis, Leon \ C/8-S-J 
Durr, Sebastian J., Jr. (J Leisk, James ¢ 
C,S-S-J): Nippert, Billy G C/S8-S-< Sny 
der, Millard P. (C/S-J-M) 

New Iberia Clift, William D 
New Orleans Young, Alberta M 
MARYLAND 

Towson Van Siclen, DeWitt ¢ 
MICHIGAN 

Jackson Simpson, John B 
MINNESOTA 

Marble Campbell, Lyle } 
MISSISSIPPI 

Hattiesburg Myers, Brantley 

Laurel Radtke, Donald 
MONTANA 

Billings toyd, Darrell W 
NEW YORK 

Port Washington Bryar 
OHLO 


Columbus towen, Anita S 


Rogers, Edward J 


C/S-J-M 
M 
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OKLAHOMA 
Ardmore McCready, William S. (C/S-J-M 
Duncan Agers, Leo B. (C/S-J-M) 
Enid Smith, Kenneth L. (C/S-J-M) 
Oklahoma City Christner, Herbert D 
C/S-J-M) Hixon, William L. (C/S-J-M) 
Smith, Virgil L. (Fred) (R,C/S-S-M) 
Tulsa Musgrove, Irvin W 
E. iJ) 
Felsenthal, Martin 
PENNSYLVANIA 
Johnstown Woy, John Charles 
Pittsburgh Fulton Paul 
Gregory ivin R. iM 
rEXAS 
Austin David D 
nnous, § 2m ¢ ‘/$8-S-J) 
Beeville Lewis, Donald D. (M) 
Ervin O. (R,C -M) 
Bellaire Cruce, Raymond V. (C/S-J-M) 
Kehn, Donald M 
Big Spring Marker, Rudolph L. (C/S-S-J) 
Corpus Christi Blakemore, Frank G. ( 
Brady, W. James (A) 
oper, T » (A) 
C S-J-M) 
William H 
I Frank H 
Barsachs, Edwin H od 
illiam ( Jr. «(C/S-S-A) Kennerly 
Thoma I (C/S-J3-M) Matthews, Cecil ( 
C,S-J-M Schafer, Jack D. 1(C/S- 
Edna Gordon, Joseph C., Jr. «¢ 
Falfurrias Cable, Lauren G. iJ) 
Joe E., Jr J Hancock, Teddy R 
€ s P. (M): Randle, Robert 
J. (R,C/S-S-J) Walker 


I 
Veselka 


S-S-J 
Fort Worth Miller, Raymond 
Hamlin White, Bobbie L ; 
Houston sible, John L. (M? 
Ww M Steinberger, Calvin C S-s 
Thompson, James (A) Woods, Henry 
Kilgore rto James G. (M) 
John Seals, Jr. (J McCracken, Herbert 

J Stamos, Charles J. ( 

Midland Berry, Oran H (R,C/S-S-M 
Quesenbury, William B., Jr R,C S-S-J): Ser 
ing, Robert ( ‘/S-J-M) 

Odessa Main, Marion K 

Pampa Stein, Walter F (M) 
Pasadena Wansbrough, bert S. iJ 
Price Corbell, Harold C Goodwir 
tobert J. (R.C/S-S-J) 

Refugio Cockerham 

San Antonio Brown 

Silsbee Lunceford 

J 


S-J-M 


Tuler Long, Walter E 
Wichita Falls——Dobyns, Rol 
Zaffarano, Richard Ff C/S-S-J) 

WYOMING 
Casper Davis, Arthur H 
Riverton Stein, John 
WEST VIRGINIA 
Parkersburg Speiden, Edgar 
CANADA 
Alberta Mims, Clinton D 
BOLIVIA 
La Paz Alda 
MEXICO 
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proved by at least one member of the Institute whom he may designate. Any 


’ > 
‘laws C s Proposed ! 
Bylaws Change I . I . Committee The Committee shall not such payments not included in the ap 
On Handling AIME Funds authorize any payments in excess of proved budget shall be examined by the 


: appropriations. If at any time any of Finance Committee and signed by at 

At the meeting of the AIME Board the appropriations seem in danger of least one member of the Committee 
of Directors on Feb. 17, the Directors being insufficient. the Finance Commit The Committee shall not authorize any 
signified their intention of amending tee shall report the same to the Direc payments in excess of appropriations 
Art. VIII. Sec. 3. paragraph 3, as fol- tors.” /f at any time any of the appropriations 


lows: To be revised to read: “All bills. sal seem in danger of being insufficient, the 
Committee shall so report to the Direc 


Present wording: “The funds of the aries, accounts, payrolls, and claims of 
Institute shall be paid out by checks any kind against the Institute within ors 
signed by the Treasurer and counter- the approved budget of the year shall The above suggested changes will be 
signed by the Secretary: in case of be examined and approved by the Sec acted upon by the Board at its meeting 


absence or disability. the President ot retary or such officer or employe of the on April 16 x * * 





any Vice-President may act for the 


Treasurer, or any Vice-President for the 
Secretary. but the Treasurer may. at D A L E 
his discretion, place funds of the Insti 
tute, not at any time exceeding $2.500. 
at the disposal of the Secretary's office L ! 5 q T W E FT G H T 
for the purpose of paying the smaller 
current expenses of the Institute and 
may also establish a payroll account. L U 4 FE | C AT 0 R 
Such funds shall be banked in the name 
of the Institute. and drawn by checks For Running All Types 
signed by any two of the following per Measuring Line - Operated 
sons: Secretary. Assistant Secretary. As- é 
Instruments in Wells Under Gland Stating Gen 

Pressure. — 5 ——— Assembly 

a __ Coupling 


sistant Treasurer, or Office Manager.” 


lo be revised to read: “The funds o 
the Institute shall be paid out by checks 
signed by the Treasurer and counter Easily Lowered for Safe, 
signed by the Secretary. The Treasurer : P 

Convenient Insertion or 


or Secretary may at any time appoint 
Removal of Instrument. 


any officer or employe of the Institute 
to act for him. In case of absence or 
disability, the President, any Vice-Presi- 
dent, Assistant Treasurer, Assistant Measuring Line Packing 
Secretary, or Controller may act for the ; ° 
Gland Readily Adjusted 


Treasurer and/or the Secretary. The 
. from Ground Level 
- 1 t » ace ° 
Treasurer may at any time plac e funds er 


of the Institute not exceeding $10,000 ° 


at the disposal of the Secretary's office Telescoping —— 
for the purpose of paying the current Takes Any Size Piano Wire Erecting Rod toms 
expenses of the Institute and may also : . Gland 
establish a payroll account. Such funds Measuring tine. — / —- 
shall be banked in the name of the In © 
stitute and drawn by checks signed by 
any two of the following persons: Sec Pressure Indicator Shows 
retary, Assistant Secretary, Assistant Any Pressure Inside the 
Treasurer, Controller, Business Man Tube After the Bleeder summa 
ager, Office Manager. Valve Is Opened .. . Safe! 

Notice of intention to amend = Art. 
VIIl. See. 2. paragraph 3. was alse 


Removable 





given. * ‘ " 
a ; — sail Light in Weight... . Easy iil 
resent wording of 6th. 7th, and 8th t : - 
o Carry... Easily Set Up. Wrench For Tube 
sentences: “All bills. accounts. salaries. Y Y P . 
payrolls, and claims of every kind Dale Lightweight Lubricators feature strong aluminum-alloy Tubes with pressure 
ratings of 4102 psi to 8102 psi at 125°F., with safety factor of 2, in all practical 
lengths. The Stufing Box with Ground-Level Gland Tightening Assembly (inset) 
is available for your present lubricator. An effective Dale Instrument Catcher 
(fits anv H burton or Dale Company Stuffing Box) is also available 


against the Institute shall be examined 


by the Finance Committee and be ap- 


Student Chapter Approved ; ; 
enaatidinn at é pM. Cuatex of Sold outright for use anywhere. Call, write or wire 


_ be the : eootons eten of D A L E 6412 McKinley Avenue 
echnology at ‘lattevi e. Is.. was Los Angeles 1, California 
approved at the meeting of the Execu- C re) M od A N Y 24-Hour Phone — Pleasant 2-0606 


tive and Finance Committees on Jan. 9. 
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Domestic Production in 1951 


Continued from Page 12. Section | 


West 


stone of 


lexas Area with the discovery of several fields in lime 
Pennsylvanian 
Many 
trend just east of the Central Basin Platform in reservoirs of 
Lower 


Age. some of which may become of 


Major importance. fields also were discovered along 1 


Permian, Pennsylvanian, and Ordovician Ages, whic! 
also will tend to maintain the position of the West Texas Area 
as the major source of crude oil in the United States. 
Drilling ac 
Juan Basin, or 


ivity contihues to increase rapidly in the Sar 
Area, which centers around the 
iunction of New Mexico, Colorado, Utah, and Arizona. The 
majority of the this 91 


were gas fields. The reservoirs from which gas is produced are 


Four Corners 


discoveries made in area during 195] 
similar in deposition to those in the Spraberry trend in that 
they probably will cover large areas although the individual 
Although few 


deep wells have been drilled with respect to the large areal 


wells do not have large producing capacities. 


extent of the region thought to be favorable for production of 
oil or gas, some 46 fields or producing areas have been dis 
covered to date. of which almost one-half have aceumulat 
occurring as a result of stratigraphic traps. 

The majority of the proved gas reserves in this area are it 
the New Mexico portion of the basin. The rate of explor itior 
and of discovery has been accelerated greatly with the opening 
of the California market to producers in this area. Most of the 
gas discovered to date contains little or no sulphur and ha 
heen found in porosity variation traps in sandstones of Cre 


Age 


at least four times as much gas reserves in the Four 


taceous It is probable that continued exploration will 
discover 


Corners region as drilling toe date has proved present 


New Fields in Anadarko Basin 


Development in the Anadarko Basin. which centers in west 
ern Oklahoma 
western Kansas 


Texas Panhandle and 
continues to draw the attention of the indu 


trv. Discovery ot » 


and extends into the 
more than 25 new oil and gas fields and 
new producing areas during 1951 in this basin indicates that 
will take place ir 
search for additional reserves. The accessibility of this area to 


considerable future exploratory activity 
existing marketing facilities, beth for oil and gas, makes it 
of primary 

The 
greatest 
Pacific Coast area outside of California. No discoveries were 
made in 1951 although 10 wells were drilled and abandoned 
ind two wells were drilling at the end of the year. In Arizona 
were drilling at the year’s end and in Oregon 
three wells were drilled and abandoned. In the State of Wash 
ington. one oil well was completed with a peak production of 
60 BUD of 45 


decreased and at the end of the vear it was not possible to 


importance. 
Area 


geological 


of Nevada 


exploratory 


Great Basin was the scene of the 


amount of activity in the 


seven wells 


API gravity crude oil but production rapid! 


keep the well on production even at low rates. It is expecte 


that additional drilling and exploratory work will be carrie 





Correction 
On page 24 of the Petroleum Transactions Section of the 
( Mobility Flood Pat 
terns During Water Encroachment) the sentence beginning o 
should read 


gas cycling (isothermal flow) the voltage should represent P 


January issue Ratio — Its Influence on 


line 7 “Specifically. for example. in the case 


ind the current should represent mass gas flow (or volume gas 
flow under standard conditions) .” 
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on in this state in 1952. In California, 577 exploratory wells 
drilled, of 


with 


32 were new-field wildcat wells. This 
wells drilled in 1950. Seven 
new oil fields and two gas fields were discovered during the 


were which 


189 exploratory 


compares 


vear and important extensions, or new reservoirs, were added 
in 11 older fields 
doubtful that the 


Based on data available at this time, it is 
reserves of these fields, reservoirs. and exten- 
sions will equal production during the year. It is believed, 
that reserves in California will show an increase for 


older fields are 


however 


the year when adjustments in reserves in 


consider d 


, . 
1952 of oil in southern Alabama at 


relatively shallow depths indicates the possibility of the addi- 


A discovery early in 
tion of another important producing area to the oil provinces 
of the United 
from fields 
Mississippi 


irea during the 


States. Production in Alabama proviously was 
located in the western part of the state near the 
line. Continued exploration Is expected in this 
comimg year 

Exploration and development continued at normal rates in 
the other producing areas of the United States. During 1951 
considerable increases were noted in the installation of pres- 
sure 


maintenance programs tn several of the major fields in 


ilso in the installation of secondary recov- 


nearly depleted fields in the 


the Southwest. and 
ery programs in many of the 
Midcontinent 


In spite 


and Southwestern areas. 

of somewhat inadequate supplies of steel and tubu 
lar goods, results of developments in the petroleum industry 
during 1951 indicate that the dominant position of the United 
States in the 


world petroleum supply and demand _ picture 


will be maintained and possibly strengthened during the year- 
x* *« * 


to come 





aR 
SEE formation changes 
Ad You 


wits 


| GEOLOGRAPH 


With Geolograph, ‘you 
actually watch the drill- 
ing change as the bit 
bites into contrasting 
strata — foot by foot! 
You'll find that this sub- 
while 





surface control, 
drilling, results in a higher 
percentage of successful 
drill stem tests; fewer and 
more correctly placed 
cores; accurate determi- 
nation of net pay thick- 
ness and elimination of 


many depth corrections! 
Abilene, Houston, Odesse, Lubbock and Wichite 
falls, Texas - Bakersfield, Calif. - Shreveport 
and Boton Rouge, Le. - Casper, Wyo. - Okiahome 
City, Okla. 
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1951 TRANSACTIONS 


now available in bound form 


Petroleum Transactions Vol. 192 of the Amer- 
ican Institute of Mining and Metallurgical 
Engineers, now available in permanent bound 
form, contains 45 technical papers and seven 
technical notes on oil and gas production and 
drilling technology. Included in the 386 pages 
are charts. figures and photographs. 


and 


STATISTICS FOR 1950 
Vol. 5 


Oil and Gas Development and Production 
During 1950 contains reports. as near com- 
plete as possible, on all major and most minor 
oil fields of the world. with heavy emphasis 
on domestic production and development. 
Hard bound and containing 544 pages of 
statistics, figures. maps, nomographs and 
charts, this volume is a must for any complete 
library. 


maps, 


If you are an AIME member and 
have not previously ordered 
either or both of these volumes 
(when you paid your 195] 
dues) we urge you to order 
now, using the coupon below. 
Prices of the volumes are: 

To To 
AIME Members Non-Member- 

$4.90 $7.00 
Free $6.00 


SSSSSSBSBSSSSSSBBBBBeSeSBBBBBeeeeeeaeaes: 


Transactions Vol. 192 
Statistics Vol. 


Petroleum Branch, AIME 
408 Trinity Universal Building 
Dallos 1, Texas 


Please send me the volumes shown below 
copy(ies) Transactions Vol. 172 
each 
coplies) Statistics covering 1950 
each 
Send bocks to: (Name 
(Address) 


(City/State 
1 (am) (am not) an AIME member 


1 enclose my check in amount of $ 
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You can cont 
For Halliburtor 
continue to meet the eve 
of energetic research 
Halliburton has cont: 
increase the product I 
that assure the highest 
the well, how high thx 
neering staff, and 


jobs. They are at yo 


TOOLED TO ANTICIPATE ANOTHER MILLION JOBS! 


Halliburton’s next million jobs 
tools and technology will 
industry. Through 25 years 


rvicing over a million wells, 


revolutionary developments to 


ialized tools are a result — tools 
safety no matter how deep 
irton’s enlarged laboratories, 
led to anticipate another million 
ist in conquering field problems 


HALLIBURTON ont weut cEMENTING COMPANY 


DUNCAN, OKLAHOMA 





As we look ahead on this, our will and cooperation has made 
Twentieth Anniversary,to future ff possible our steady growth and 
decades of service, we thank os continuous improvement in 
our many customers whose good equipment and service facilities. 


Pioneer in Radioactivity : Pioneer in 
Well Logging Service es a Gun Perforating Service 


> WELIS 
ee. ek 
TECHNICAL OILFIELD SERVICES 


los Angeles + Houston * Oklahoma City + Lane-Wells Canadian Co. in Canada * Petro-Tech Service Co. in Venezuela 
General Offices, Export Office and Plant + 5610 So. Sote St. + Los Angeles 58, Californic 


7:3 Locations to Serve Every Active Oil Area 





